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EDITORIAL  PREFACE. 


In  most  respects  the  last  edition  of  Kirkes'  Physiology  was  be- 
)roud  any  improvement  at  the  present  time.  The  large  portion  treating 
of  the  Nervous  System,  however,  failed  to  represent  our  present  knowl- 
edge, and  therefore  demanded  considerable  revision. 

One  important  change  has  been  to  introduce  the  conception  of  the 
nerve-unit  or  neuron,  and  with  it  some  of  the  more  modern  conceptions 
of  the  structure  and  mode  of  action  of  nervous  tissue.  The  radical 
changes  in  our  knowledge  of  the  retina  and  olfactory  bulb,  of  the 
structure  of  the  cerebral  and  cerebellar  cortex,  have  been  noted.  It  is 
now  twelve  years  since  Oolgi  issued  his  epoch-making  work,  and  it  is 
time  that  medical  students  should  be  taught  the  changes  resulting  from 
the  impulse  given  by  him  as  well  as  from  the  work  of  Retzius,  Gajal, 
fjenhossek,  Van  Gehuchten,  His,  and  others. 
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PREFACE  TO  THE  THIRTEENTH  EDITION. 


In  the  preparation  of  a  new  edition  of  this  Handbook  the  Authors 
have  endeavored  to  famish  the  student  with  an  account  of  Physiology 
brought  up  as  far  as  possible  to  the  present  time.  The  account  does 
not  profess  to  be  exhaustive,  but  it  is  one  upon  which,  they  venture  to 
think,  a  knowledge  of  Physiology  may  be  safely  based. 

The  whole  book  has  undergone  a  very  thorough  revision,  and  the 
scope  of  the  work  has  been  to  some  extent  enlarged.  The  Authors  have, 
however,  kept  constantly  in  view  the  fact  that  the  medical  student, 
for  whom  the  book  is  specially  intended,  studies  Physiology  only  as  an 
introduction  to  Medicine,  and  does  not  require  such  minute  detail  as 
would  be  necessary  for  one  whose  sole  object  of  study  is  Physiology. 

It  would  be  out  of  place  to  mention  the  names  of  all  the  important 
works  dealing  with  the  subject  of  Physiology  in  its  various  branches, 
of  which  free  use  has  been  made  in  preparing  the  present  edition,  but 
the  Authors  would  specially  desire  to  record  their  obligation  to  those 
(text-books  and  monographs)  of  Professors  M.  Foster,  Schafer,  Halli- 
burton, Stohr,  Cadiat,  McKendrick,  Sherrington,  Mott,  and  Waller. 
They  would  also  tender  their  thanks  to  their  colleagues  Dr.  Qow  and 
Mr.  Paterson,  for  revising  respectively  the  chapters  on  Generation  and 
on  the  Teeth;  to  Dr.  Cautley,  for  kindly  reading  through  the  chief 
portion  of  the  proof  sheets,  and  to  Professor  Lowne  for  several  sugges- 
tions and  corrections. 

Mr.  Danielsson  has  undertaken  and  carried  out  with  much  skill  the 
whole  of  the  new  illustrations. 

W.  MORRANT  BAKER. 
VINCENT  D.  HARRIS. 

WiMPOLB  STRBBT,  W., 

AugtMty  1892. 
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KK VISED   THIRTEENTH  EDITION,    18&4. 


It  having  been  found  necessary  to  make  alterations  in  several  chapters 
of  the  Thirtoonth  Edition,  in  order  to  present  the  latest  view  of  certain 
important  phyHiological  questions,  the  opportunity  has  been  taken  to  re- 
vino  tho  wIh»1o  hook  thorouglily.  The  present  revised  edition,  therefore, 
although  to  a  considerable  extent  a  reprint,  may  in  certain  respects  be 
look(Hl  ujmn  as  a  new  edition. 
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CHAPTER  I. 

THE  PHENOMENA  OF  LIFE. 


Human  Physiology  is  the  science  which  treats  of  the  various  pro- 
cesses or  changes  which  take  place  during  life  in  the  organs  and  tissues 
of  the  body  of  man.  These  processes^  however,  must  not  be  considered 
as  by  any  means  peculiar  to  the  human  organism  since,  putting  aside 
the  properties  which  serve  to  distinguish  man  from  other  animals,  us 
well  as  tliose  which  mark  out  one  animal  from  another,  the  changes 
which  go  on  in  the  tissues  of  man  go  on  much  in  the  same  way  in  the 
tissues  of  all  other  animals  as  long  as  they  live.  Furthermore  it  is 
found  that  similar  changes  proceed  in  all  living  vegetable  tissues;  they 
indeed  constitute  what  are  called  vital phe7iomena,  and  are  those  proper- 
ties which  mark  out  living  from  non-living  material. 

The  lowest  types  of  life,  whether  animal  or  vegetable,  are  found  to 
consist  of  minute  masses  of  a  jelly-like  substance,  which  is  now  gener- 
ally known  under  the  name  of  protoplasm.  Each  such  minute  mass  is 
called  a  cell,  so  that  these  minute  elementary  organisms  are  designated 
unir.elliiUir,  Not  only  is  it  true  that  the  lowest  types  of  life  are  made 
up  of  protoplasm,  but  it  has  also  been  shown  that  the  tissues  of  which 
the  most  complex  organisms  are  composed  consist  of  protoplasmic  cells. 

Thus,  for  example,  the  human  body  can  be  shown  by  dissection  to 
be  constructed  of  various  dissimilar  parts,  bones,  muscles,  brain,  heart, 
lungs,  intestines,  etc.,  and  these  on  more  minute  examination  with  the 
aid  of  the  microscope,  are  found  to  be  composed  of  different  tissues, 
such  as  epithelial,  connective,  nervous,  muscular,  and  the  like.  Each  of 
these  tissues  is  made  up  of  cells  or  of  their  altered  equivalents.  Again, 
we  are  taught  by  Embryology,  the  science  which  treats  of  the  growth 
and  structure  of  organisms  from  their  first  coming  into  being,  that  the 
human  body,  made  up  of  all  these  dissimilar  structures,  commenced  its 
life  as  a  minute  cell  or  ovum  (fig.  2)  about  Tiv^h  of  an  inch  in  diame- 
ter, consisting  of  a  spherical  mass  of  protoplasm  in  the  midst  of  which 
was  contained  a  smaller  spherical  body,  the  niicUui  or  germinal  vesicle. 
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The  phenomena  of  life  then  are  exhibited  in  cells,  whether  existing 
alone  or  developed  into  the  organs  and  tissues  of  animals  and  plants. 
It  must  be  at  once  evident  that  a  correct  knowledge  of  the  nature  and 
activities  of  the  cell  forms  the  very  foundation  of  physiology;  cells 
being,  in  fact,  physiological  no  less  than  morphological  units. 

The  prime  importance  of  the  cell  as  an  element  of  structure  was  first 
established  by  the  researches  of  the  botanist  Schleiden,  and  his  conclu- 
sions, drawn  from  the  study  of  vegetable  histology,  were  at  once  ex- 
tended by  Theodor  Schwann  to  the  animal 
kingdom.  The  earlier  observers  defined  a  cell 
BCfjo^  *s  a  more  or  less  spherical  body  limited  by  a 
—  i^JJiS?^       membrane,  and    containing   a    smaller   body 


—  C!dl-w«ai. 


Nud&uB  or  germinal 

Nijclet:>tijs  or  genni- 
DsJapot 

Space  Ifft  bv  retrac- 
UoD  of  jrelk. 

.Yelk  or  vlteUus. 


» . '  J^  A*lte]Ui3e  membraDe. 


Fig.  1. -Vegetable  cells. 


Fig.  2.— Semidlagrammatic  representation  of  a  human 
ovum,  showing  ttie  part«  of  an  animal  celL    CCadiat.) 


termed  a  nucleus,  which  in  its  turn  incloses  one  or  more  still  smaller 
bodies  or  nucleoli.  Such  a  definition  applied  admirably  to  most  vege- 
table cells,  but  the  more  extended  investigation  of  animal  tissues  soon 
showed  that  in  many  cases  no  limiting  membrane  or  cell-wall  could  be 
demonstrated. 

The  presence  or  absence  of  a  cell-wall,  therefore,  was  now  regarded 
as  quite  a  secondary  matter,  while  at  the  same  time  the  cell-substance 
came  gradually  to  be  recognized  as  of  primary  importance.  Many  of 
the  lower  forms  of  animal  life,  e.y,,  the  Rhizopoda,  were  found  to  con- 
sist almost  entirely  of  matter  very  similar  in  appearance  and  chemical 
composition  to  the  cell-substance  of  higher  forms;  and  this  from  its 
chemical  resemblance  to  flesh  was  termed  Sarcode  by  Dujardin.  When 
recognized  in  vegetable  cells  it  was  called  Protoplasm  by  Mulder,  while 
Hemak  applied  the  same  name  to  the  substance  of  animal  cells.  As  the 
presumed  formative  matter  in  animal  tissues  it  was  termed  Blastema^ 
and  in  the  belief  that,  wherever  found,  it  alone  of  all  substances  has  to 
do  with  generation  and  nutrition,  Beale  has  named  it  Germinal  matter 
or  Bioplasm.  Of  these  terms  the  one  most  in  vogue  at  the  present  day, 
as  we  have  already  said,  is  Protoplasm,  and  inasmuch  as  all  life,  both  in 
^^^  animal  and  vegetable  kingdoms,  is  associated  with  protoplasm,  we 
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ingtified  in  doseribitig  it,  with  Huxley,  as  the  "physical  basis  of 
mply  **  living  matter." 
A  cell  may  uaw  be  detiiied  as  a  nucleated  mass  of  pratoplasni,  of 
microscopic  size,  varying  in  the  human  body  from  the  red  blood  cell 
which  is  about  v^J^^j^  of  an  inch  in  diameter  to  the  ganglion  cell,  ^la  ^^^ 
an  inch^  which  possesses  suHicitjnt  ludividmility  to  have  a  lifediistory  of 
its  own.  Each  cell  goes  through  the  same  cycle  of  changes  as  the  whole 
organism,  though  doubtless  in  a  much  shorter  time.  Beginning  with 
its  origin  from  some  pre-existing  cell,  it  grows,  produces  other  cells,  and 
finally  dies.  It  is  true  that  seventl  lower  forms  of  life  consist  of  non- 
nucleated  protoplasm^  but  the  above  deOnition  holds  good  for  all  the 
higher  plants  and  animals. 
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Properties  of  Protoplasm. 


Protopl'Jksm  is  a  seini-fluid  substance,  which  swells  up  hut  does  not 
mix  with  water.  It  is  transparent  and  gunenilly  colorless,  with  refrac- 
tive index  higher  than  that  of  water  but  lower  than  that  of  oil.  It  is 
neutral  or  weakly  alkaline  in  reaction,  but  may  under  special  circum- 
stances be  acid,  ai*,  fur  exsimple,  after  activity.  It  undergoes  stiffening 
or  coagul:ition  at  a  temperature  of  about  54, 5"*  C.  (I3l>^  F.),  and  hence 
no  organism  can  live  when  its  own  tem]»erature  is  raised  above  that 
point;  it  is  also  coagulated  and  therefore  killed  by  aluoliol,,  by  solutions 
of  many  of  the  metallic  salts,  by  strong  sicids  an*d  alkalies,  and  by  many 
other  substances. 

Under  the  microscope  it  is  seen  almost  universally  to  be  granular, 
the  granules  consisting  of  different  substances,  either  albuminous,  or 
fatty  matters,  or  more  rarely  of  iiiorgiiuic  salts.  Tiie  granules  are  not 
equally  distributed  throughout  the  whole  cell -mass,  as  they  are  some- 
times absent  from  the  outer  part  or  layer,  and  very  numerous  in  the 
interior.  The  granules  n»ay  exhibit  an  irregular  shaking,  dancing  move- 
ment, which  is  not  vital  and  is  known  as  the  Hrownian  nwimmni.  In 
addition  to  granules,  iirotofdasm  getierally  exhibits  spaces  or  vt^cuoles, 
generally  globular  in  shape,  excepting  during  movement  when  they  may 
be  irregular,  filled  with  a  watery  fluid.  These  vacuoles  are  more  numer- 
ona  and  pronounced  in  vegetable  than  in  animal  cells.  Gas  bubbles  also 
sometimes  exist  in  cells. 

It  is  impossible  t<»  make  any  rlefinite  statement  as  to  ilie  exact  chem- 
icnil  composition  of  living  protoplasm,  since  the  methods  of  chemiral 
analysis  necessarily  imply  the  death  of  the  cell;  it  is,  however,  stated 
that  protoplasm  contains  80  to  85  per  cent  of  water,  antl  of  tlie  15  to  *^0 
per  *^ent  of  sulids,  the  most  important  part  belongs  to  the  class  of  sub* 
stances  culled  proleiih  or  ttifrnmittJi.  These  are  bodies  which  contain 
the  chemical  elements,  carbon^  hydrogeo,  nitrogen^  oxygen,  and  sulphur. 
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in  certain  slightly  varying  but  arbitrary  proportions  in  the  molecule^ 
and  which  react  to  certain  chemical  tests  which  will  be  enamerated 
later  on.  A  certain  amount  of  proteid  at  any  rate  is  essential  to  the 
composition  of  protoplasm.  Associated  with  the  proteid  substances 
other  bodies  are  frequently  present,  such  as  glycogeiiy  starchy  and  cellu- 
lose,  each  of  which  contains  the  elements  carbon,  hydrogen,  and  oxygen, 
the  last  two  in  the  proportion  to  form  water,  and  hence  are  termed 
carbohydrates,  the  carbon  in  the  molecule  being  either  six  or  a  multiple 
of  six;  chlorophylly  the  coloring  matter  of  plants;  fatty  bodies  contain- 
ing carbon,  hydrogen,  and  oxygen,  but  not  combined  in  the  same  pro- 
portion as  in  carbohydnites;  lecithin,  a  complicated  fatty  body  contain- 
ing phosphorus;  certain  ferments  and  other  substances. 

The  vital  or  physiological  characteristics  of  protopLism  may  be 
well  studied  in  the  microscopic  animal  called  the  amoeba,  a  unicellular 
organism  found  chiefly  in  fresh  water,  but  also  in  the  sea  and  in  damp 
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earth.  These  properties  may  be  conveniently  studied  under  the  follow- 
ing heads: — 

1.  The  Power  of  Spontaneous  Movement. — When  an  amoeba  is  ob- 
served with  a  high  power  of  the  microscope,  it  is  found  to  consist  of  an 
irregular  mass  of  protoplasm  probably  containing  one  or  more  nuclei, 
the  protoplasm  itself  being  more  or  less  granular  and  vacuolated.  If 
watched  for  a  minute  or  two,  an  irregular  projection  is  seen  to  be  grad- 
ually thrust  out  from  the  main  body  and  retracted;  a  second  mass  is 
then  protruded  in  another  direction,  and  gradually  the  whole  proto- 
plasmic substance  is,  as  it  were,  drawn  into  it.  The  amoeba  thus  comes 
to  occupy  a  new  position,  and  when  this  is  repeated  several  times  we 
have  locomotion  in  a  definite  direction,  together  with  a  continual  change 
of  form.  These  movements,  when  observed  in  other  cells,  such  as  the 
colorless  blood-corpuscles  of  higher  animals  (flg.  2),  in  the  branched 
cornea  cells  of  the  frog  and  elsewhere,  are  hence  termed  ammboid. 

The  remarkable  movement  of  pigment  granules  observed  in  the 
branched  pigment  cells  of  the  frog's  skin  by  Lister  are  also  probably 
due  to  amoeboid  movement.  These  granules  nre  seen  at  one  time  distrib* 
uted  uniformly  through  the  body  and  branched  processes  of  the  cell, 
while  at  another  time  they  collect  in  the  central  mass  leaving  the 
branches  quite  colorless. 


IT.  4.— HuniAti  colorlcM  Mood-corpusde,  nhowing  Its  suooMrifv  oluuiKe 
minutes  when  kept  moist  on  «  warm  irt^ge,    <;S<^oJle] 
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Thia  movement  witliiii  tiio  pigment  cells  might  also  bo  t-onsitjeretl 
an  example  of  the  eo't'tdknl  sireamini/  niovemeiit  not  infrefioently  &wn 
in  oertain  of  the  protozoa,  in  which  the  mass  of  protoplasm  extends 
long  uud  fine  proceiges,  themselves  vorj  little  movable,  bm  upon  the 
Burfaoe  of  whioh  freely  moving  or  atreaming  gnuiulcB  are  seen.  A  f/lif/- 
K  ing  movement  has  also  been  noticed  in  certain  animal  cells;  the  motile 

part  of  the  cell  being  composed  of  protoplasm  bounding  a  central  and 
more  compact  mass.     By  means  of  the  free  movement  of  this  layer, 

^  the  cell  may  bo  observed  to  move  along. 

H  In  vegetable  cells  the  protoplasmic  movement  can  bo  well  seen  in 
the  hairs  of  the  stinging-nettle  and  Tradeecantia  and  the  cells  of  V'allis- 
neria  and  Chara;  it  is  marked  by  the  muvement  of  the  granules  nearly 
always  imbedded  in  it  For  example,  if  jmrt  of  a  hair  of  Tradescantia 
(fig.  5)  be  viewed  under  a  high  magnifying  power,  streams  of  jtrtito- 
plasm  containing  crowds  of  gnuudes  liurrying  along,  like  the  foot- 
passengers  in  a  busy  street,  are  seen  flowing  steadily  in  definite  direc- 
tions, some  conrning  round  the  film  wliich  Iin(,g  the  interior  of  the  cell- 
wall,  and  others  (lowing  toward  or  away  from  the  irregular  mass  in  the 
centre  of  the  cell-cavity.     Many  of  these  streams  of  protoplasm  run 


V\g.  5— CpH rif  TmdftscanMn,  rlrnwu  ftt  iiycce«dvi»  Intefinls  of  two  mlniit«t.— Th* f>«]l^«ooU  4a 
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together  into  larger  ones  and  are  lost  in  the  central  maee,  and  thai 
ceaseless  variations  of  form  arc  produced.  The  movement  of  tlie  pro- 
toplasmic granules  to  or  from  the  perijdiery  is  sometimes  called  vegeta- 
ble cimdaiioUf  where-as  the  movement  of  the  protoplasm  round  the  in- 
terior of  the  cell  is  cidled  rofnfhn. 

The  first  account  uf  tlie  movement  of  protoplasm  was  given  hy 
lUVsel  in  1755,  aa  occurring  in  a  small  Proteus,  probably  a  large  fresh- 
water amojba.     His  dt'scTiption  was   followed   twenty   years   later  by 


fJ  HANDBOOK   OF   PHYSIOLOGY. 

Corti*s  demonstration  of  the  rotation  of  the  cell  sap  in  characesB,  and  in 
the  earlier  part  of  the  century  by  Meyer  in  Vallisneria,  1827;  Bobert 
Brown,  1831,  in  "  Staminal  Hairs  of  Tradescantia.''  Then  came  Dn jar- 
din's  description  of  the  granular  streaming  in  the  pseudopodia  of  Bhizo- 
pods  and  movement  in  other  cells  of  animal  protoplasm  (Planarian  eggs, 
V.  Siebold,  1841;  colorless  blood-corpuscles,  Wharton  Jones,  1846). 

2.  The  Power  of  Renpoiise  to  Stimuli,  or  Irritability. — Although  the 
movements  of  the  amoeba  have  been  described  above  as  spontaneous,  yet 
they  may  be  increased  under  the  action  of  external  agencies  which 
excite  them  and  are  therefore  called  stiinuli,  and  if  the  movement  has 
ceased  for  the  time,  as  is  the  case  if  the  temperature  is  lowered  beyond 
a  certain  point,  movement  may  be  set  up  by  raising  the  temperature. 
Again,  contact  with  foreign  bodies,  gentle  pressure,  certain  salts,  and 
electricity,  produce  or  increase  the  movement  in  the  amoeba.  The  pro- 
toplasm is,  therefore,  sensitive  or  irritable  to  stimuli,  and  shows  its  irri- 
tability by  movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  may  be  thus  farther  detailed:— 

a.  Changes  of  Temperature, — Moderate  heat  acts  as  a  stimulant;  the 
movement  stops  below  0°  C.  (32°  F.),  and  above  40°  C.  (104°  F.);  be- 
tween these  two  points  the  movements  increase  in  activity;  the  optimum 
temperature  is  about  37°  to  38^  C.  Exposure  to  a  temperature  even 
below  0°  C.  stops  the  movement  of  protoplasm,  but  does  not  prevent  its  , 
reappearance  if  the  temperature  is  raised;  on  the  other  hand,  prolonged 
exposure  to  a  temperature  of  over  40°  C.  altogether  kills  the  protoplasm 
and  causes  it  to  enter  into  a  condition  of  coagulation  or  heat  rigor. 

h.  Mechanical  Stimuli. — When  gently  squeezed  between  a  cover  and 
object-glass  under  proper  conditions,  a  colorless  blood-corpuscle  is  stim- 
ulated to  active  amoeboid  movement. 

c.  Nerve  Influence, — By  stimulation  of  the  nerves  of  the  frog's  cornea, 
contniction  of  certain  of  its  branched  cells  has  been  produced. 

d.  Chemical  Stimuli, — Water  generally  stops  amceboid  movement, 
and  by  imbibition  causes  great  swelling  and  finally  bursting  of  the  cells. 
In  some  cases,  however  (myxoniyeetes),  protopLism  can  be  almost  en- 
tirely dried  up,  but  remains  capable  of  renewing  its  movements  when 
again  moistened.  Dilute  salt-solution  and  many  dilute  acids  and  alka- 
lies stimulate  the  movements  temporarily.  Strong  acids  or  alkalies 
permanently  stop  the  movements;  ether,  chloroform,  veratria,  and  qui- 
nine also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid  and  resumed  on  the  admission  of  air  or  oxygen,  but  complete  with- 
drawal of  oxygen  will  after  a  time  kill  the  protoplasm. 

e.  Electrical, — W^eak  currents  stimulate  the  movement,  while  strong 
currents  cause  the  cells  to  assume  a  spherical  form  and  to  become 
motionless. 
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Hit'  power  of  DigBsiion^  Respiration^  and  Nidrition, — This  con- 
[)  the  power  whicli  is  posseseed  by  the  amii?bu  and  sinuhir  iiniiiml 
cells  of  taking  in  food,  modifying  it,  building  up  tidsiio  l>y  assiiniUting 
it,  and  rejecting  what  is  not  ussimihitod.  These  vurioub  proreases  are 
effected  by  the  pn>tophifim  minply  iluwitig  round  and  inclosing  within 
itself  minntQ  orgunisnis  such  as  cliatuin»  and  the  like,  from  which  it 
extracts  what  it  requires,  and  then  rejects  or  f'jrri*tt\s  the  remainder, 
which  has  never  formed  part  of  the  body.  Thicj  latter  proeeerling  is 
done  by  the  cell  withdrawing  itself  from  the  material  to  be  excreted. 
The  ajssinulation  constantly  taking  pluee  in  the  boily  of  the  anui'ba,  is 
for  the  piirpofio  of  replacing  wiigte  of  its  tissue  eonset|uent  upon  mani- 
festation of  energy*  The  respiratory  process 
I  of  absorbing  oxygen  goes  on  rit  the  same  time. 
The  processes  which  take  place  in  cells, 
liotli  animal  and  vegetable,  are  summed  up 
tinder  the  term  mcfnbttfiKm  (from  ntTafi**kTf, 
change).  The  changes  which  go  on  are  of 
two  kinds,  viz.,  aHsimihiUon^  or  building  up, 
and  fiiiias.nmtlft/ion^m-  breaking  down;  tliey 
may  bo  also  callecl  eotn position  or  decom- 
position, or,  using  the  nomcnchiture  of  CJas- 
-  kell,  anaMism  or  constructive  metabolism, 
and  kaialmlism  or  destructive  metabolism, 
lu  the  direction  of  anabolisni  two  proi messes 
oci^ur,  viz.,  the  building  up  of  materials  whirlj 
it  takes  in,  and  secondly,  tlie  building  np  of 
its  own  substance  by  those  or  other  tntite- 
rials.  As  we  shall  see  in  a  subsequent  para- 
grapbi  the  process   of  anabolism  differs  to 


some  extent  in  vegetable  and  animul  cells. 


Fig.  6.— CellH  tum\  ttiie  «t/uiilnat 
hairs  of  Trad^scantia.  A,  Frt«h  lu 
WAti^r;  B«  the  same  eeU  after  nlij^bt 
electric&l  stimulatJN^n:  «,  />,  ivgion 
ftitnulatiou  I  €„  cf,  clumps  and  kuobs 
of eonirttctf^  prntopla^^ni ,  ( KUhiu'. ) 


The  katabolism  of  the  cell  consists  in  chem- 

icul  changes  wliich  occur  in  the  cell-substance  itself,  or  in  substances 

in  contact  with  it. 

The  destructive  metabolism  of  u  cell  is  increased  by  its  activity,  but 
goes  on  also  iluring  fjuiescence.  It  is  probably  of  the  nature  of  oxida- 
tion, and  results  in  the  evolution  of  carbonic  anhydride  and  water  on 
the  one  hand,  and  in  the  formation  of  various  substances  on  the  other, 
some  of  which  may  be  stored  up  in  the  cell  for  future  use,  and  are 
called  secrchons^  and  others,  like  the  carbonic  anhydride  and  certain 
bodies  containing  nitrogen,  are  eliminated  as  excrefiotis, 

4*  The  Power  (ff  (irowth, — ^In  jirotoplasm  then,  it  is  seen  that  the 
two  prot^csses  of  waste  and  repair  go  on  side  hy  side,  and  as  long  aB  they 
are  equal  the  size  of  the  animal  remains  stationary.  If,  however,  the 
building  up  exceed   the  wiiste,  then   the  animal  fjrows  ;  if  the  w^aste  ex- 
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ceed  the  repair,  the  animal  decays;  and  if  decay  go  on  beyond  a  certain 
point,  life  becomes  impossible,  and  the  animal  dies. 

Growth,  or  the  inherent  power  of  increasing  in  size,  although  essen- 
tial to  our  idea  of  life,  is  not,  it  must  be  recollected,  confined  to  living 
beings.     A  crystal  of  common  salt,  for  example,  if  placed  onder  app 
priate  conditions  for  obtaining  fresh  material,  will  grow  in  a  laa  ion 
definitely  characteristic  and  as  easily  to  be  foretold  as  that  of  ^^}^}^^ 
creature;  but  the  growth  of  a  crystal  takes  place  merely  by  additioni 
to  its  outside;  the  new  matter  is  laid  on  particle  by  particle,  and  layer 
by  layer,  and,  when  once  laid  on,  it  remains  unchanged.     In  a    i      g 
structure,  where  growth  occurs,  it  ig  by  addition  of  new  matter,  no 
the  surface  only,  but  throughout  every  part  of  the  mass. 

Again,  all  living  structures  are  subject  to  constant  decay.  ^  > 

man's  body  is  not  composed  of  exactly  the  same  particles  day  alter    a^ , 
although  to  all  intents  ho  remains  the  same  individual.     Almost  every 
p:irt  is  changed  by  degrees;  but  the  change  is  so  gradual,  and  the  re- 
newal of  that  which  is  lost  so  exact,  that  no  difference  may  be  noticed, 
except  at  long  intervals  of  time.     A  lifeless  structure,  as  a  crystal,  is 
subject  to  no  such  laws;  neither  decay  nor  repair  is  a  necessary  ^^°    ' 
tion  of  its  existence.     That  which  is  true  of  structures  which  ^^^^^^ 
to  do  with  life  is  true  also  with  respect  to  those  which,  although  they 
are  formed  by  living  parts,  are  not  themselves  alive.     Thus,  an  oys 
shell  is  formed  by  the  living  animal  which  it  incloses,  but  it  is  as  lif eless 
as  any  other  mass  of  inorganic  matter;  and  in  accordance  with  t  « 
circumstance  its  growth  takes  place  layer  by  layer,  and  it  is  not  subjec 
to  constant  decay  and  reconstruction.     The  hair  and  nails  are  examples 
of  the  same  fact. 

In  connection,  too,  with  the  growth  of  lifeless  masses  there  is  no 
alteration  in  the  chemical  composition  of  the  material  which  is  taken 
up  and  added  to  the  previously  existing  mass.  For  example,  when  a 
crystal  of  common  salt  grows  on  being  placed  in  a  fluid  which  containe 
the  same  material,  the  properties  of  the  salt  are  not  changed  by  being 
taken  out  of  the  liquid  by  the  crystal  and  added  to  its  surface  in  a  solid 
form.  But  the  Ciise  is  essentially  different  in  living  beings,  both  animal 
and  vegetable,  as  the  materials  which  serve  ultimately  to  build  them 
up  are  much  altered  before  they  are  finally  assimilated  by  the  structures 
they  are  destined  to  nourish. 

The  growth  of  all  living  things  has  a  definite  limit,  and  the  law 
which  governs  this  limitation  of  increase  in  size  is  so  invariable  that  we 
should  be  as  much  astonished  to  find  an  individual  plant  or  animal 
without  limit  as  to  growth  as  without  limit  to  life. 

5.  The  Poiver  of  Reproduction. — The  amoeba,  to  return  to  onrformei 
illustration,  when  the  growth  of  its  protoplasm  has  reached  a  certain 
point,  manifests  the  power  of  reproduction,  by  splitting  up  into  (or  it 
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some  other  wfty  produoing)  two  or  more  parts,  each  of  which  is  capable 
of  independent  existence.  The  new  amcebaB  manifest  the  same  proper^ 
ties  as  their  parent,  perform  the  same  functions,  grow  and  reproduce  in 
their  turn.     This  cycle  of  life  is  being  continually  passed  through. 

In  more  complicated  structures  than  the  amoeba;  the  life  of  indi- 
vidual protoplasmic  cells  is  probably  very  short  in  comparison  with  that 
of  the  organism  they  compose;  and  their  constant  decay  and  death 
necessitate  constant  reproduction. 

The  mode  in  which  this  takes  place  has  long  been  the  subject  of 
gre  it  controversy. 

It  is  now  very  generally  believed  that  every  cell  is  descended  from 
some  pre-existing  (mother-)  cell.     This  derivation  of  cells  from  cells 


Fig-  7.— Diagram  of  an  ovum  (a)  iindei*(;oinf?  Reginentation— In  (ft)  it  han  divided  into  two,  in 
(c)  into  four;  and  in  (d)  the  process  lias  eiule<l  in  Uie  production  of  the  so  called  *'  mulberry  mass/' 
CFivyj 

takes  place  by  (1)  gemmntmiy  which  essentially  consists  in  the  budding 
off  and  separation  of  a  portion  of  the  parent  cell;  or  (2)Ji.ss{o7i  or  r/irt- 
sion. 

The  exact  manner  of  the  division  of  cells  is  a  matter  of  some  diffi- 
culty, and  will  not  be  described  until  the  subject  of  the  structure  of 
protoplasmic  cells  has  been  considered. 

Structure  of  Protoplasmic  Cells. 

It  was  formerly  the  custom  to  consider  protoplasm  to  be  homogene- 
ous; it  was  so  described  by  Engelmann;  it  appears,  however,  that  this 
idea  requires  modification,  and  that  in  the  majority  of  cells,  if  not  in 
every  cell,  two  parts  can  be  made  out  in  the  protoplasm,  viz.,  a  fine 
network  or  spongework  of  fibrils  of  a  firmer  consistence  than  the  more 
fluid  part  which  is  contained  within  its  interstices.  The  amount  of  the 
two  parts  in  each  cell  varies;  in  young  cells  the  more  fluid  part  is  more 
developed,  and  as  time  goes  on  the  fibrillary  meshwork  increases.  The 
intra-cellular  meshwork  has  been  called  by  different  names,  protoplasma, 
reticulum,  or  sponginplasm,  while  the  more  fiuid  substance  has  received 
the  names  paraplasma,  finrht/Iema,  or  Infaloplagm,  The  reticulum  is  more 
refraotile  than  its  contents,  is  elastic  and  extensile,  has  an  affinity  for 
staining  reagents.     The  hyaloplasm  has  no  such  affinity. 

The  arrangement  of  the  reticulum  varies  considerably  in  different 
cells,  and  even  in  different  parts  of  the  same  cell.  Sometimes,  for  ex- 
ample (fig.  8),  the  meshwork  has  an  elongated  radial  arrangement  from 
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the  nucltms;   at  others,  the  meahwork  ia  more  evenly  disposed,  as 
fig.  1^,     At  the  junctions  of  the  fibrils  there  are  usuully  Blight  enlarge- 
ments or  nodes. 

In  gome  cells,  partieolarly  in  plants,  but  also  in  some  fixed  animal 
cells,  sueh  m  cumpuse  e|>iiheliiU  membranes,  there  is  a  teudeuey  towiird 


Meo]br«.tie  of  ceU 


Hi'tknilum  of  ivll ,. 


^  Membrane  ot  nticleafl. 


Aciiromjitic  substance  af 
''     nurleua. 
..Chranmtio  wibrtiince  of 


Wi^.  S.— C^eU  with  Its  rt?ifcu!iim  dJ>4posecj  ra^ntiiiy ;  iruui  the  inteetinAl  epitheUum  of  a  wurtn. 

a  formation  of  a  firmer  external  envelope,  constituting  in  vegetable  cells  i 
H  THembraiie  distinct  from  the  more  central  and  more  fluid  part  of  the  I 
prutophism.  In  such  ciises  the  reticulum  at  the  periphery  of  the  cell  is 
made  up  of  very  fine  meshes.  The  membrane  when  formed  is  usuaily 
pierced  with  pores  l»y  which  fluid  may  pass  in,  or  through  which  pro- 
trusioti  of  the  protojihismit*  filameuis  furming  the  i-elTs  connection  with 
other  cells  surrounding  it  may  take  place. 

It  is  an  exceedingly  intei'estuig  question  whether  in  cells  the  one 


Fi^,  9.— <A.)  Thf*  ootorteM  blood-corpuKle  showliifr  the  intrarCtflluUir  m^tvtork,  and  two  nuolal  | 
with  I utra- nuclear  network,    (a.)  Oolored  blooil-e«>rpuacl«  of  newt  8h*iwintf  the  la tra-ceUnlAr  net- 
work of  jtbril&    Al»j  oval  nucleiiB  eoinpooed  of  tiaiJcing  membran«  and  line  Intm-ouclear  network 
of  nbni&     X  800.    (.Klein  and  Nobk>  Smith.) 

part  of  the  protoplasm  C4in  exist  without  the  other.  Schiifer  snmmar- 
izes  the  matter  thus :^'' There  are  cells,  and  unicellular  organisms  both 
animal  and  vegetable,  in  which  no  reticular  structure  ciin  be  made  out, 
and  these  maif  he  formed  of  hyaloplasm  ahine.  lii  that  case,  this  must 
be  looked  upon  as  the  essential  part  of  protoplasm.  So  fur  as  ama^buid 
pheuomena  are  concerned  it  is  certainly  so:  but  whether  the  chemical 
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changes  which  occur  in  many  cells  are  effected  by  this  or  by  spongio- 
plasm  is  another  matter/' 

Another  question  about  which  there  is  some  difference  of  opinion  is, 
which  part  of  the  protoplasm  is  chiefly  contractile.  It  is  usually  con- 
cluded that  this  property  rests  in  the  meshwork^  but  there  seems  a 
considerable  amount  of  evidence  in  favor  of  the  view  that  part  if  not 
all  of  the  contractility  resides  in  the  hyaloplasm;  for  example^  in  amoe- 
boid cells  the  pseud opodial  protoplasm  are  certainly  made  of  this  and 
not  of  spongioplasm,  and  when  the  corpuscle  is  stimulated  the  hyalo- 
plasm flows  back  into  the  reticular  network.  If  the  view  that  th*e  hyalo- 
plasm is  chiefly  contractile  be  a  correct  one,  the  special  condition  of  an 
Amoeboid  cell  must  be  considered  to  be  condition  of  contraction,  and 
the  flowing  out  of  the  process  to  be  relaxation. 

The  Cell  Nucleus. 

Nearly  all  cells *at  some  period  of  their  existence  possess  nuclei.  As 
has  been  incidentally  suggested  the  origin  of  a  nucleus  in  a  cell  is  the 
first  trace  of  the  differentiation  of  protoplasm.  The  existence  of  nuclei 
was  first  pointed  out  in  the  year  1833  by  Robert  Brown,  who  observed 
them  in  vegetable  cells.  They  are  either  small  transparent  vesicular 
bodies  containing  one  or  more  smaller  particles  (nucleoli),  or  they  are 
genii-solid  masses  of  protoplasm  always  in  the  resting  condition  bounded 
by  a  well-defined  envelope.  In  their  relation  to  the  life  of  the  cell  they 
are  certainly  hardly  second  in  importance  to  the  protoplasm  itself,  and 
thus  Beale  is  fully  justified  in  comprising  both  under  the  term  "  ger- 
minal matter.''  They  exhibit  their  vitality  by  initiating,  in  the  major- 
ity of  cases,  the  process  of  division  of  the  cell  into  two  or  more  cells 
(fission)  by  first  themselves  dividing.  Distinct  observations  have  been 
made  showing  that  spontaneous  changes  of  form  may  occur  in  nuclei 
as  also  in  nucleoli. 

Ilistologists  h;ive  long  recognized  nuclei  by  two  important  char- 
acters : — 

(L)  Their  power  of  resisting  the  action  of  various  acids  and  alkalies, 
particularly  acetic  acid,  by  which  their  outline  is  more  clearly  defined, 
and  they  are  rendered  more  easily  visible.  This  indicates  some  chemi- 
cal difference  between  the  protoplasm  of  the  cells  and  nuclei,  as  the 
former  is  destroyed  by  these  reagents. 

(2.)  Their  quality  of  staining  in  solutions  of  carmine,  haematoxylin, 
etc.  Nuclei  are  most  commonly  oval  or  round,  and  do  not  generally 
conform  to  the  diverse  shapes  of  the  cells;  they  are  altogether  less  vari- 
able elements  than  cells,  even  in  regard  to  size,  of  which  fact  one  may 
see  a  good  example  in  the  uniformity  of  the  nuclei  in  cells  so  multiform 
as  those  of  epithelium.     Hut  sometinies  nuclei  appear  to  occupy  the 
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whole  of  the  cell,  as  is  the  ease  in  the  lymph  corpuscles  of  lymphatic 
glands,  and  in  some  small  nerve  cells. 

Their  position  in  the  cell  is  very  variable.    In  many  cells,  especially 
where  active  growth  is  progressing,  two  or  more  nuclei  are  present. 


Structure  of  Nuclei. 

The  nucleus  when  in  a  condition  of  rest  is  bounded  by  a  distinct 
membrane,  possibly  derived  from  the  spongioplasm  of  the  cell.     Besides 


Node  of  mesh  work  ^^ — - 


Node  of  uieshwork 


-^  Nuclear  membrane. 

_«J^ucleftr  matrix. 
_NuJ!laif  mesh  work. 


Fig.  10.— Tlie  resting:  nucleus  -diagrammatic    (Waldeyer.) 


the  membrane  the  nucleus  consists  of  two  parts,  viz.,  (1)  of  a  reticular 
network,  consisting  of  anastomosing  fibrils  made  up  according  to  Babl 
(fig.  10)  of  i)rimary  and  thicker  fibres  and  thinner  connecting  branches. 
This  network  has  a  marked  affinity  for  staining  of  reagents  and  hence 
is  called  rhranwplasm.  The  fibres  are  not  without  structure,  since  in 
certain  ciises  thoy  have  been  shown  to  consist  of  minute  highly-refract- 
ing particles  which  stain  deeply  imbedded  in  a  regular  series  in  a  struc- 


pXyf 


Fiff.  11.— Diafcram  of  nucleus  sbowinf?  tlie arrangement  of  chief  chromatic  fUamento.    ▲.  Viewtd 
from  the  side,  the  ix>lar  end  bein)^  uppennoKt.    j>.r./.,  J*  * 
7i.o.m.,  node  of  meshwork.    b.  Viewea  at  the  polar  end 
repiilar  filament.    (Rabl.) 


n.v.f.,  lYimary  chromatic  fllamentii;  n.,  nudliBolat; 
Z.r./,  Looped  chromatic  fUament;  tX,  ir- 


tnreless  matrix  forming  the  filament,  the  former  being  called  chromcUin 
and  the  latter  acJiromatin  from  their  respective  reaction  to  stains.  Ac- 
cording to  some  histologists,  nucleoli  are  the  mere  thickenings  of  the 
reticulum  at  the  nodes  or  junctions  of  the  fibrils,  but  others  consider 
them  to  be  distinct  rounded  bodies  free  from  the  mesh  work. 

(2)  The  second  part  of  the  nuclear  contents  is  of  a  homogeneous 
material  rich  in  proteids  but  not  necessarily  fluid,  which  fills  up  the 
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mesh  work.    This  material  has  bnt  slight  affinity  for  stains^  and  hence 
is  called  achromatic  substance  or  nuclear  matrix. 

Cell  Division. 

The  division  of  a  cell  is  preceded  by  division  of  its  nucleus.  Nuclear 
division  may  be  either  (1)  simple  or  direct,  which  consists  in  the  simple 
exact  division  of  the  nucleus  into  two  equal  parts  by  constriction  in  the 
centre,  which  may  have  been  preceded  by  division  of  the  nucleoli;  or 
(2)  indirect,  which  consists  in  a  series  of  changes  which  goes  on  in  the 
arrangement  of  the  nuclear  reticulum,  resulting  in  the  exact  division  of 
the  chromatic  fibres  into  two  parts  which  form  the  chromoplasm  of  the 
daughter  nuclei. 

Indirect  division  is  called  karyokinesis  (xdpoov,  a  kernel),  or  mitotic 
{plIto^,  a  thread),  and  direct  division  is  called  amitotic  or  akinetic  (x«Vij<r«9 


Fifr.  12.— Karyokinesis.  a.  Ordinary  nucleus  of  a  columnar  epiibelial  cell ;  b,  c,  the  same  nucleus 
in  the  stage  of  convolution;  d,  the  wreath  or  rotette  form;  b,  the  aster,  or  single  star;  r,  a  nuclear 
spindle  from  ihe  Descemet's  endothelium  of  the  frosts  cornea;  a,  h,  i,  diaster;  k,  two  daughter 
nuclei.    (Klein.) 

movement).  It  is  now  believed  that  the  mitotic  nuclear  division  is  all 
but,  if  not  quite,  universal.  Somewhat  different  accounts  of  the  singes  of 
the  nuclear  division  have  been  given  by  diflPerent  authorities,  according 
to  the  kind  of  cell  in  which  the  nuclear  changes  have  been  studied.  The 
following  will  summarize  the  stages  of  karyokinesis  as  observed  by  Klein : 
The  nucleus  in  a  resting  condition,  i.e.,  before  any  changes  preceding 
division  occur,  consists  of  a  very  close  meshwork  of  fibrils,  which  stain 
deeply  in  carmine,  embedded  in  protoplasm,  which  does  not  possess  this 
property,  the  whole  nucleus  being  contained  in  an  envelope.  The  first 
change  consists  of  a  slight  enlargement,  the  disappearance  of  the  envel- 
ope and  the  increased  definition  and  thickness  of  the  nuclear  fibrils, 
which  are  also  more  separated  than  they  were  and  stain  better.  This  is 
the  stage  of  convolution  (fig.  II,  b^  o).    The  next  step  in  the  process  is 
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the  arrangement  of  the  fibrils  into  some  definite  figure  by  an  alternate 
looping  in  and  out  around  a  central  space,  by  which  means  the  rosette  or 
wreath  stage  (fig.  12>,  d)  is  reached.  The  loops  of  the  rosette  next  be- 
come divided  at  the  periphery  and  their  central  points  become  more 
angular,  so  that  the  fibrils  divided  into  portions  of  about  equal  length 
are,  as  it  were,  doubled  at  an  acute  angle,  and  radiate  V-shaped  from 
the  centre,  forming  a  star  (aster)  or  wheel  (fig.  12,  e),  or  perhaps  from 
two  centres,  in  which  case  a  double  star  (diaster)  results  (fig.  12,  o,  H, 


Achromatic  spiral 


FifT.  18.— Early  stages  of^  karyoUnesls.    a.  The  thicker  primary  fibres  remain  and  the  acfanv 
ktic  spindle  appears. 
UidinaL    (Waldeyer.) 


matic  spindle  appears,    b.  The  thick  fibres  split  into  two  and  the  achromatic  spindle  becomes  lougi* 
••     •     —ildeyer.) 


and  I).  After  remaining  almost  unchanged  for  some  time,  the  V-shaped 
fibres  being  first  re-arranged  in  the  centre,  side  by  side  (angle  outward), 
tend  to  separate  into  two  bundles  which  gradually  assume  position  at 
either  pole.  From  these  groups  of  fibrils  the  two  nuclei  of  the  new  cells 
are  formed  (daughter  nuclei)  (fig.  12,  k),  and  the  changes  they  pass 
through  before  reaching  the  resting  condition  are  exactly  those  through 
which  the  original  nucleus  (mother  nucleus)  has  gone^  but  in  a  reverse 

Pole  of  spindle. 
Outer  {granular  sone. 


Fig.  14.~Mona8ter  stage  of  karyokinesis.    (Waldeyer.) 

order,  viz.,  the  star,  the  rosette,  and  the  convolution.  During  or  shortly 
after  the  formation  of  the  daughter  nuclei  the  cell  itself  becomes  con- 
stricted and  then  divides  in  a  line  about  midway  between  them. 

According  to  Waldeyer  the  stages  are  somewhat  different^  the  first 
change  {spireyn  stage)  which  occurs  is  that  the  fine  fibrils  of  the  reticu- 
lum of  the  resting  nucleus  disappear,  leaving  the  thicker  more  or  less 
V-shaped  skeins  remaining  (fig.  13,  a).  These  thick  loops  then  split 
^-^ngitudinally  into  two  finer  threads^  and  at  the  same  time  the  achramaiic 
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'  ffpittdte  appears.  The  spindk*  then  assumes  a  mure  eentnil  direction  at 
right  rtuglea  to  the  skeios  (tig,  13,  b),  "which  it  did  uot  occupy  before, 
80  that  the  nucleuB  has  two  poles,  the  terra inutions  of  the  spindle,  at 
each  of  which  h  developed  a  corpuscle  (polar  corpuscle) — the  inclosing 
membrane  is  lost,  und  the  matrix  of  the  nucleus  becomes  continuous 
with  that  of  the  cell;  the  hyalopLism  separates  into  two  zones^  a  granu- 

ABO 


Flf7. 15.— MetJiklDesbH-chrofnattc  flgtire.  nptiidle.    a.  Eaiiv  fttai^,    b.  Later  tstmge,    c.  Latot  stage 
^M  —  foTOiatlcmof  diftster,    (Waldeyer.) 

^brzone  at  the  periphery  and  a  clear  zone  io  the  eontro;  this  is  the 
^^K/lonaftfer  stage.  The  chromatic  fibres,  at  first  with  their  angles  toward 
the  centre,  then  arrange  theniselves  (jne  fa  kinesis)  with  their  loops  toward 
the  poles,  and  move  along  the  spindle  further  and  further  from  each 
other,  being  connected  by  the  fine  fibres  of  the  spindle  nnly.  In  this 
way,  around  each  pole,  loops  of  fi!>res  are  grouped,  which  soon  take  the 
arrangement  and  appearance  of  the  primary  chromatic  filires  (flittsfef). 
Next  the  new  nuclear  memhrane  begins  to  form,  and  the  polar  corpuscle 


..^  RcttaalikBof  8[tJiidle. 


LiDe  of  separsUon 
of -the  two  oella. 

Antipole  of  dau^h* 
tier  DU€letia 


Lighter  ttubstaoec 
of  the  micleiu. 


Cell  proioplasDi. 

HtltlK. 


Tig.  16.^F1iial  stai^  of  karroklorals.    Id  the  lower  fibril  re  the  eh«iig»  are  stfll  more  cuf  rancod  than 

In  the  upper.    {Wnldeypri 

disappears.  Thus  are  two  daughter  nudci  formed  {dispirem  sfaffc). 
The  cell  itself  divides,  and  the  nuclear  fibres  of  the  daughter  nuclei  as- 
sume the  arrangement  of  the  resting  niicleiie. 


'  Differences  between  Animals  and  Plants* 

Having  considereil  at  some  length  the  vitiil  projierties  of  protoplasm, 
as  shown  in  cells  of  vegetable  as  well  as  of  animal  organisms,  we  are  now 
IB  a  position  to  discnas  the  question  of  the  differences  between  plants  afid 
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animah.  It  might  at  the  outset  of  our  inquiry  have  seemed  an  anneo* 
essary  thing  to  recount  the  distinctions  which  exist  between  an  animal 
and  a  vegetable  as  they  are  in  many  cases  so  obvious,  but,  however  gre&t 
the  differences  may  be  between  the  higher  animals  and  plants^  in  the 
lowest  of  them  the  distinctions  are  much  less  plain. 

In  the  first  place,  it  is  important  to  lay  stress  upon  the  differences 
between  vegetable  and  animal  cellH,  first  as  regards  their  structure  and 
next  as  regards  their  functions. 

(1.)  It  has  been  already  mentioned  that  in  animal  cells  an  envelope 
or  cell-wall  is  by  no  means  always  present.  In  adult  vegetable  cells,  on 
the  other  hand,  a  well-defined  cellulose  wall  is  highly  characteristic; 
this,  it  should  be  remembered,  is  non-nitrogenous,  and  thus  differs 
chemiciilly  as  well  as  structurally  from  the  contained  protoplasmic  mass. 

Moreover,  in  vegetable  cells  (fig.  17,  b),  the  protoplasmic  contents 
of  the  cell  fall  into  two  subdivisions:  (1)  a  continuous  film  which  lines 
the  interior  of  the  cellulose  wall;  and  (2)  a  reticulate  mass  containing 


Fij?.  17.— (a.)  Young  vegetable  cells,  showing  cell-cavity  entirely  filled  with  granular  protoplasm 
inclosinf?  a  large  oval  nucleus,  with  one  or  more  nucleoli,  (b.)  Older  cells  from  same  plant,  sliow- 
ing  distinct  cellulose-wall  and  vacuolation  of  protoplasm. 

the  nucleus  and  occupying  the  cell  cavity;  its  interstices  are  filled  with 
fluid.  In  young  vegetable  cells  such  a  distinction  does  not  exist;  a 
finely  granular  protoplasm  occupies  the  whole  cell-cavity -(fig.  17,  a). 

Another  striking  difference  is  the  frequent  presence  of  a  large  quan- 
tity of  intercellular  substance  in  animal  tissues,  while  in  vegetables  it  is 
comparatively  rare,  the  requisite  consistency  being  given  to  their  tissues 
by  the  tough  cellulose  walls,  often  thickened  by  deposits  of  lignin. 
As  an  example  of  the  manner  in  which  this  end  is  attained  in  animal 
tissues,  may  be  mentioned  the  deposition  of  iime  salts  in  a  matrix  of 
intercellular  substance  which  occurs  in  the  formation  of  bone. 

As  regards  the  respective  functions  of  animal  and  vegetable  cells, 
one  of  the  most  important  differences  consists  in  the  power  which  vege- 
table cells  possess  of  being  able  to  build  up  new  complicated  nitrogenous 
and  non-nitrogenous  bodies  out  of  very  simple  chemical  substances  ob- 
tained from  the  air  and  from  the  soil.  They  obtain  from  the  air,  oxy- 
gen^ carbonic  anhydride,  and  water,  as  well  as  traces  of  ammonia  gas; 
&nH  from  the  soil  they  obtain  water,  ammonium  salts^  nitrates,  Bulphates^ 


THE    PHENOMENA    OP    UPK, 


17 


phosphntos.  and  siicli  bases  as  potti«ji;iiim,  calcium,  nmgnesiuni,  so- 
^^ditujj,  iron,  and  utiiera.  The  majority  uf  pluiits  jire  able  to  work  up 
^Wiese  elomeutiiry  compounds  into  other  and  more  complicated  bodies^ 
^■Thtg  thoy  are  uble  to  do  in  eonsecjnenco  of  their  containing  u  certain 
^■Niloring  matter  called  chhrophyU^  the  present'c  of  which  m  the  caii«e  of 
^■he  greoB  hue  of  phints.  In  all  plants  which  contain  chlorophyll  two 
^processes  aro  cunstantly  going  on  when  they  aro  exposed  to  light:  one, 
which  is  called  ttae  rtspirativn  and  is  a  process  euminon  to  animal  and 
^etnble  eelU  alike,  eonsifits  in  the  taking  of  the  oxygen  from  the  at- 
aosphcre  and  the  giving  out  of  carbon  dioxide;  the  other,  which  i^ 
peculiar  apparently  to  bodi"  9  containing  chlorophyll,  consists  in  ihe 
iking  in  of  carbon  dioxide  and  the  giving  out  of  oxygen.  It  seems  that 
Mio  ehiorophyli  is  cajmble  of  decomposing  the  carbon  dioiide  gas  and 
>f  fixing  the  carbnn  in  the  structures  in  the  form  of  some  new  com* 
pound,  one  of  the  most  rapidly  formed  of  which  is  xtanlu     The  first 

IAtejj  in  the  formation  of  atareh  is  the  union  of  carbou  dioxide  and  water 
tto  furm  formic  aldehyde,  CO:i+HsO-;CHqO+Oa,  oxygen  being  evolved; 
^hen  by Jjolymcrizatiuii  the  fornuttion  of  eugar  thn^,  (i  UllaO  — CjIIiaOs; 
find  by  dehydration,  C«lI|jO«i — llsO^^CilJuiOr.,  the  production  of  starch. 
In  this  way  is  stiirch  flynlhesized  or  built  up.     Vegetable  protoplasm  by 
Ktho  aid  of  its  chlorophyll  is  able  to  build  up  a  large  tiumher  of  bodies 
Wbesides  starch,  the  most  interesting  and  important   being  protcid  or 
albumin.     It  appears  to  be  a  fact  that  the  power  which  bodies  possess 
of  being  uble  to  synthesize  is  to  a  hirgc  extent  dependent  upon  the  chlo- 
rophyll they  contain.     Thus  the  power  is  only  present  to  any  marked 
Hextent  in  the  plants  in  which  ohlorophyll  is  found  and  is  absent  in  those 
which  do  not  possess  it;  while  on  the  other  hantl   it  is  present  in  the 
extrenudy  few  animals  which  contain  it  and  is  absent  except  in  certain 
^nare  instances  as  one  of  the  properties  of  animal  protoplasm. 
^       It  must  be  recollected,  however,  that  chlorophyll  without  the  aid  of 

kthc  light  of  tho  sun  can  do  nothing  in  the  way  of  building  up  substances, 
»nd  a  plant  containing  chlorophyll  when  placed  in  the  dark,  as  long  as 
it  lives,  and  that  is  not  as  a  rule  long,  acts  as  though  it  did  not  contain 
iny  of  that  substance.  It  is  an  interesting  fact  that  cortuin  of  the  bac- 
teria have  the  chlorophyll  replaced  by  a  similar  pigment  which  is  able 
to  decompose  carbon  dioxide  gas. 

Animal  cells,  except  in  the  very  rare  cases  above  alluded  to,  do  not 
possess  the  power  of  building  up  from  iimple  materials;  their  activity 
is  chiefly  exercised  in  the  opposite  direction^  viz,»  they  have  brought  to 
them  as  food  the  complicated  compounds  produced  by  the  Yegetiihle 
kingdom,  and  with  them  they  are  uble  to  perform  their  functions,  set- 
ting free  energy  in  the  direction  of  heat,  motion,  and  electricity,  and  at 
the  same  time  eliminating  such  bodies  as  carbon  dioxide  and  water^  and 
Itroducing  other  bodies,  many  of  which  contain  nitrogen,  but  which  are 
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derived  from  decomposition^  and  only  in  very  rare  cases  from  building 
up. 

It  mast  be  distinctly  understood,  however,  that  there  are  instances 
of  animal  cells  perforniinf(  synthetic  functions  and  of  combining  two 
simpler  compounds  to  produce  one  more  complex,  and  it  is  quite  possi- 
ble that  many  of  the  processes  performed  by  the  cells  of  certain  organs 
are  instances  of  synthesis,  and  not  as  they  have  been  described  of  break- 
ing down;  and  the  reverse  is  undoubtedly  the  case  with  vegetable  cells, 
BO  that  it  is  impossible  to  generalize  to  a  greater  extent  than  to  say  that 
the  tendency  of  the  activity  of  the  vegetable  cell  is  chiefly  toward  syn- 
thesis, and  of  the  animal  cell  toward  analysis. 

With  reference  to  the  substance  chlorophyll  it  is  necessary  to  say  a 
few  words.  It  has  been  noted  that  the  synthetical  operations  of  vege- 
table cells  are  peculiarly  associated  with  the  possession  of  chlorophyll 
and  that  these  operations  are  dependent  upon  the  light  of  the  sun.  It 
has  been  further  shoiin  that  a  solution  of  chlorophyll  has  a  definite 
absorption  spectrum  when  examined  with  the  spectroscope,  and  that  it 
is  particularly  those  parts  of  the  solar  spectrum  corresponding  to  these 
absorption  bands  which  are  chiefly  active  in  the  decomposition  of  car- 
bonic anhydride,  and  that,  moreover,  the  position  of  the  maximum  absorp- 
tion corresponds  with  the  maximum  of  energy  of  light.  In  the  synthet- 
ical processes  of  the  plant  then,  by  aid  of  its  chlorophyll,  the  radiant 
energy  of  the  sun's  rays  becomes  stored  up  or  rendered  potential  in  the 
products  formed.  The  potential  energy  is  set  free,  or  is  again  made 
kinetic,  when  these  products  simply  by  combustion  produce  heat,  or 
when  they  are  taken  into  the  animal  organism  and  used  as  food  and  to 
produce  heat  and  motion. 

The  influence  of  light  is  not  an  absolute  essential  to  animal  life;  in- 
deed, it  is  said  not  to  increase  the  metabolism  of  animal  tissue  to  any 
extent,  and  the  animal  cell  does  not  receive  its  energy  directly  from  the 
sun's  light,  nor  yet  to  any  extent  from  the  sun's  heat,  but  from  the 
products  formed  by  vegetable  metabolism  supplied  as  food,  either  di- 
rectly, as  in  the  case  of  herbivoni,  or  indirectly  in  the  case  of  carnivora. 
The  potential  energy  of  these  food  stuffs  is  set  free  in  the  destructive 
metabolism  of  the  animal  cell  already  alluded  to.  But  it  must  be  always 
recollected  that  anabolism  is  not  peculiar  to  vegetable,  or  katabolism  to 
animal  cells;  both  processes  go  on  in  each,  but  the  chief  function,  as 
far  as  we  know  at  present  of  the  former,  is  to  transform  kinetic  into  po- 
tential energy,  and  of  the  latter  to  render  potential  energy  kinetic,  as 
in  heat,  motion,  and  electricity. 

With  reference  to  the  food  of  plants,  it  should  not  be  forgotten  that 
some  of  the  lowest  forms  of  vegetable  life,  e.g.,  the  bacteria,  will  live 
only  in  a  highly  albuminous  medium,  and  in  fact  seem  to  require  for 
their  growth  elements  of  food  stuffs  which  we  shall  see  later  on  are  es- 
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to  animal  lift\  In  their  nietiibolism,  too,  they  very  closely  ap- 
proximiite  to  iinimal  cells,  not  only  requiring  an  atmosphere  of  oxygen, 
but  giving  out  carbonic  an  hydride  freely,  and  secreting  and  excreting 
many  very  complicated  nitrogenous  bodies,  as  well  tis  forming  proteid, 
carbohydrates!,  and  fat,  requiring  heat  but  not  light  for  the  due  perform- 
ace  of  their  functions. 
(2.)  There  is,  commonly,  a  difference  in  general  chemical  composition 
between  Tegetables  and  animals,  even  in  their  lowest  forms;  for  associated 
with  the  protoplasm  of  the  former  ig  a  considerable  amount  of  eellnhse^ 
a  substance  closely  allied  to  starch  and  containing  carbon,  hydrogen,  and 
oxygen  only,  The  jiresenee  of  cellulose  in  animals  is  much  more  rare 
than  in  vegetables,  but  there  are  many  animals  in  which  traces  of  it  may 
be  discovered,  and  eonie,  the  Ascidians,  in  which  it  is  found  in  consider- 
able quantity.  The  presence  of  starcli  in  vegetable  celk  is  very  charac- 
teristic^  though,  as  we  have  aeen  above,  it  ia  not  distinctive,  and  a  sub» 
BtnuGOf  fjlifcoqen,  similar  in  composition  to  starch,  is  very  common  in  the 
organs  and  tissues  of  animals, 

I      (3.)  Inliereot  power  of  movement  is  a  quality  which  we  so  commonly 
conBidpr  an  essential  indication  of  animal  nature,  that  it  is  diflicult  at 
first  to  conceive  it  existing  in  any  othcn     The  capability  of  simj>lo  mo- 
tion is  now  known,  however,  to  exist  in  so  many  vegetable  forms,  that 
it  can  no  longer  be  lield  as  an  essential  distinction  between  them  and 
animals,  and  ceases  to  l>e  a  mark  liy  which  the  one  can  he  distinguished 
from  the  other.     Thus  the  zoospores  of  many  of  the  Cryptogamia  ex- 
hibit ciliary  or  amoeboid  movements  of  a  like  kind  to  those  seen  in 
amcebaj;  and  even  among  the  higher  orders  of  plant^i^ many, «,//., i>jVjwfra 
MiifSctpuIa  (Venus's  fly-trap),  and  Mimmn  sca^sifim  (Sensitive  plant),  ex- 
^hibit  such  motion,  either  at  regular  times,   or  on  the   application  of 
eternal  irritation,  as  might  lead  one,  were  this  fact  taken  by  itself,  to 
"regard  them  as  sentient  beings.     Inherent  power  of  movement,  then, 
although  especially  characteristic  of  animal  nature,  is,  when  taken  by 
^htsclf,  no  proof  of  it, 

^B      (4.)  The  presence  of  a  digestive  canal  ja  a  very  general  mark  by  which 

^■in  animal  can  be  distinguishetl  from  a  vegetable.     Hut  the  lowest  ani- 

^piEialB  are  surrounded  by  material  that  they  can  take  as  food,  as  a  plant  is 

surrounded  by  an  atmosphere  that  it  can  use  in  like  manner.     And  every 

_^part  of  their  body  being  adapted  to  absorb  and  digest,  they  have  no  need 

'  a  special  receptacle  for  nutrient  matter,  and  accordingly  have  no  di- 

estiva  canal.     This  distinction  thou  is  not  a  cardinal  one* 


CHAPTER  11. 

THE  FUNCTIONS  OF  ORGANIZED  CELLS. 

As  we  proceed  upward  in  the  scale  of  life  from  unicellular  organisms, 
we  find  that  another  phenomenon  is  exhibited  in  the  life  history  of  the 
higher  forms,  namely,  that  of  Development.  An  amoeba  comes  into  be- 
ing derived  from  a  previous  amoeba;  it  manifests  the  properties  and 
performs  the  functions  of  its  life  which  have  been  already  enumerated; 
it  grows,  it  reproduces  itself,  whereby  several  amoobaB  result  in  place  of 
one,  and  it  dies.  It  cannot  be  said  to  develop,  however,  unless  the  for- 
mation of  a  nucleus  can  be  considered  as  an  indication  of  such  a  process. 
In  the  higher  organisms  it  is  different;  they,  indeed,  begin  as  a  single 
cell,  but  this  cell  on  division  and  subdivision  does  not  form  so  many 


Fig.  18.— Transverse  section  through  embn'o  chick  C-i6  hours'),  a,  Epiblast;  b,  mesoblast:  r, 
hypoblast;  d,  central  portion  of  niesoblast,  which  is  here  fiiseil  with  eiiibbst;  c,  primitive  groove; 
/,  uorsal  ridge.    (Klein.) 

independent  organisms,  but  produces  the  material  from  which,  by  devel- 
opment, the  complete  and  perfect  whole  is  to  be  derived.  Thus,  from 
the  spherical  ovum,  or  germ,  which  forms  the  starting-point  of  animal 
life  and  which  consists  of  a  protoplasmic  cell  with  a  nucleus  and  nucle- 
olus, in  a  comparatively  short  time,  by  the  process  of  segmentation  which 
has  been  already  mentioned,  a  complete  membrane  of  cells,  polyhedral 
in  shape  from  mutual  pressure,  called  the  Blastoderm,  is  formed,  and 
this  speedily  divides  into  two  and  then  into  three  layers,  chiefly  from 
the  rapid  proliferation  of  the  cells  of  the  first  single  layer.  These  layers 
are  called  the  Epiblast,  the  Mesoblast,  and  the  Hypoblast  (fig.  18). 
It  is  found  in  the  further  development  of  the  animal  that  from  each 
of  these  layers  is  produced  a  very  definite  part  of  its  completed  body. 
For  example,  from  the  cells  of  the  epiblast  are  derived,  among  other 
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stractaroSy  the  skin  and  the  central  nervous  system ;  from  the  meeoblast 
is  derived  the  flesh  or  mascles  of  the  body^  and  from  the  hypoblast  the 
epithelium  of  the  alimentary  canal  and  some  of  the  chief  glands^  and  so  on. 

It  is  obvious  that  the  tissues  and  organs  so  derived  exhibit  in  a  vary- 
ing degree  the  primary  properties  of  protoplasm.  The  'muscles,  for 
example,  derived  from  certain  cells  of  the  mesoblast  are  particularly  con- 
tractile and  respond  to  stimuli  readily,  while  the  cells  of  the  liver, 
although  possibly  contractile  to  a  certain  extent,  have  to  do  chiefly  with 
the  processes  of  nutrition. 

Thus,  in  development,  we  see  that  as  the  cells  of  the  embryo  in- 
crease in  number  it  speedily  becomes  necessiiry  for  the  organism  to 
depute  to  different  groups  of  cells,  or  to  their  equivalents  (i,e.,  to  the 
tissues  or  organs  to  which  they  give  rise),  special  functions,  so  that  the 
various  functions  which  the  original  cell  may  be  supposed  to  discharge, 
and  the  various  properties  it  maybe  supposed  to  possess,  become  divided 
up  among  various  groups  of  resulting  cells.  The  work  of  each  group 
is  specialized.  As  a  result  of  this  division  of  labor,  as  it  may  be  called, 
these  functions  and  properties  are,  as  might  be  expected,  developed  and 
made  more  perfect,  while  the  tissues  and  organs  arising  from  each 
group  of  cells  are  developed  also,  with  a  view  to  the  more  convenient 
and  effective  exercise  of  their  functions  and  employment  of  their  prop- 
erties. 

In  studying  the  functions  of  the  human  body  it  is  necessary  first  of 
all  to  know  of  what  it  is  composed,  of  what  tissues  and  organs  it  is  made 
up;  this  can  of  course  only  be  ascertained  by  the  dissection  of  the  dead 
body,  and  thus  it  comes  that  Anatomy  {d>arifiva},  to  cut  up)  the  science 
which  treats  of  the  structure  of  organized  bodies,  is  closely  associated 
with  physiology;  so  closely,  indeed,  that  Histology  (iVro-,  a  web),  which 
is  especially  concerned  with  the  minute  or  microscopic  structure  of  the 
tissues  and  organs  of  tlie  body,  and  which  is  strictly  speaking  a  depart- 
ment of  anatomy,  is  usually  included  in  works  on  physiology.  There  is 
much  to  be  said  in  favor  of  such  an  arrangement,  since  it  is  impossible 
to  consider  the  changes  which  tjike  place  in  any  tissue  during  life, 
apart  from  the  knowledge  of  the  structure  of  the  tissues  themselves. 
To  understand  the  structure  of  the  human  body  in  an  intelligent  way, 
much  help  is  obtained  from  the  study  of  the  structure  of  other  animals, 
from  the  lowest  to  the  highest,  which  is  the  i^rovince  of  Comparative 
Anatomy ;  while  Embryology,  which  is  concerned  with  the  mode  of 
origin  of  the  various  tissues  in  the  embryo  of  each  animal,  and  which  is 
Qsually  studied  at  the  end  of  physiology,  should  from  some  points  of 
view  be  co*nsidered  as  an  introduction  to  the  subject. 

A  second  important  essential  to  the  right  comprehension  of  the 
changes  which  take  place  in  the  living  organism  is  a  knowledge  of  the 
chemical  composition  of  the  body.     Here,  however,  we  can  only  deal 
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with  the  chemical  composition  of  the  dead  body^  and  it  is  as  well  at 
once  to  admit  that  there  may  be  many  chemical  differences  between 
living  and  not  living  tissues;  but  as  it  is  impossible  to  ascertain  the 
exact  chemical  composition  of  the  living  tissues,  the  next  best  thing 
whicli  can  be  done  is  to  find  out  as  much  as  possible  about  the  com- 
position of  the  same  tissues  after  they  are  dead.  This  is  the  assistance 
which  the  science  of  Chemistry  can  afford  to  the  physiologist,  and  the 
same  science  is  concerned  with  the  composition  of  the  ingesta  and  egestii^ 
as  well  as  with  that  of  the  fluids  of  the  body. 

Having  mastered  the  structure  and  composition  of  the  body,  we  are 
brought  face  to  face  with  physiology  proper,  and  have  to  investigate  the 
vital  changes  whicli  go  on  in  the  tissues,  the  various  actions  biking  place 
as  long  as  the  organism  is  at  work.  The  subject  includes  not  only  the 
observation  of  the  manifest  processes  which  are  continually  taking 
place  in  the  healthy  body,  but  the  conditions  under  which  these  are 
brought  about,  the  laws  which  govern  them  and  their  effects. 

We  know  from  our  study  of  biology  that  the  cells  of  which  the  tis- 
sues are  composed  cannot  live  without  food,  both  solid  and  liquid.  In 
a  complicated  organism  like  the  body  of  man,  the  tissues  cannot  supply 
themselves  with  food  directly  like  the  amceba,  and  so  it  comes  that  the 
various  tissues  are  furnished  with  what  they  require  by  means  of  a 
fluid,  the  bloody  which  is  carried  to  them  in  tubes  or  canals,  the  blootl- 
vessels,  which  are  distributed  to  every  region  of  the  body.  In  order  that 
the  blood  shall  reach  all  parts,  the  system  of  vessels  in  which  it  is  con- 
tained is  supplied  with  a  central  pumping  organ,  the  Jtearf.  Then  we 
find  that  as  the  oxygen,  which  is  one  of  the  requisites  of  the  life  of  the 
tissues,  and  which  is  carried  to  the  tissues  by  the  blood,  is  used  up,  a 
special  means  is  provided  by  respiration^  or  breathing,  by  means  of 
which  the  blood  is  exposed  to  a  new  supply  of  oxygen  of  the  air,  which 
is  taken  into  special  organs,  the  lungs,  for  the  purpose,  and  which  at 
the  same  time  allows  of  the  elimination  of  the  cjirbonic  anhydride  the 
blood  convoys  from  the  tissues.  Then  again,  Jis  the  solid  food  for  the 
tissues  cannot  be  conveyed  in  the  blood  in  the  exact  form  in  which  it  is 
introduced  into  the  body,  a  special  and  complicated  apparatus  is  pro- 
vided, that  of  digestion,  by  means  of  whicli  the  necessary  changes  are 
brought  about  in  the  food.  The  digested  food  is  then  absorbed  and 
carried  to  the  blood,  either  directly  with  little  further  change  by  means 
of  another  system  of  vessels  in  connection  with  the  blood-vessels,  the 
lymjihatic  vessels,  or  after  passing  through  a  special  organ  or  gland,  the 
liver,  by  means  of  which  some  further  changes  take  place.  In  the 
digestive  apparatus  we  have  the  organs,  the  stomach  and  intestines,  into 
which  the  food  is  received  for  the  purpose  of  being  acted  upon  by  cer- 
tain chemical  agents,  of  which  ferments,  bodies  which  are  capable  of 
setting  up  profound  changes  in  other  bodies  without  themselves  under- 
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;oiDg  change,  are  tlie  most  importntit;  there  is  added  tlie  appsinitus  by 

eaiis  of  which  the  altered  food  stuffs  are  iibtsorbed  or  reach  the  two 

(j-atema  of  blood-vessels  already  mentioned,  and  a  moseular  apparatus 

tained  in  the  wulls  of  the  intestinal  tube  by  means  of  which  that 

of  the  food  which  18  not  fit  for  absorption  is  removed  from  the 

y.     In  addition  to  this  excretory  apparatus  we  have  another,  the 

idneyif^  which  are  concerned   with   the  removal  of  certain  snbstances 

om  the  blood  which  have  servetl  their  purpose  in  the  economy. 

Then  we  have  the  tntfsrftiar  st/sffm,  which  by  iU  special  power  of 

contraction  is  capable  of  bringing  abont  all  the  movements  uf  the  body 

those  of  the  frame,  the  head,  arms,  legs,  etc.,  a^  well  as  those  of  the 

eart,  the  vessels,  the  alimentary  canal,  and  the  like.     The  uerrotiM  az/x- 

m^  by  the  aid  of  which  the  processes  of  the  living  body  may  be  regn- 

ted  and  controlled*     Ijjistly,  we  have  a  special  system— that  of  the 

tifrtifivf  .st^s/emj  by  means  of  which  the  reproduction  of  the  species 

jiy  Uike  place. 

To   these    subjects,   the   merest   outline   of   which    has   been   here 

ik etched,  our  attention  has  to  be  given  in  the  succeeding  chapters,  but 

it  may  be  well  to  mention  as  a  preliniinury  tinit  the  information  about 

them  which  we  have  at  onr  disposal  hag  been  deriveil  from  many  sources^ 

the  chief  of  which  are  as  follows: — 

(1.)  Froni  actual  observation  of  the  various  phenomena  occurrmg  in 
the  human  body  from  day  to  day,  and  froni  honr  to  hour,  as,  for  exam- 
le,  the  estimation  of  tiie  amount  and  composition  of  the  ingesta  and 
esta,  the  respiration,  the  heat  of  the  heart,  and  the  like; 
(2.)  From  observations  upon  other  animals,  the  bodies  of  which  we 
are  taught  by  comparative  anatomy  apjiroximate  to  the  human  body 
in  structure; 

(3.)  From  observations  of  the  changes  produced  by  experiment  upon 
the  various  processes  in  such  animals; 

(4.)  From  observations  of  the  changes  in  the  working  of  the  human 
y  produced  by  disease; 
(5,)  From  observations  upon  the  gradual  changes  which  take  place 
in  the  functions  of  organs  when   watohed  in  the  embryo  from    their 
iirliest  beginnings  to  their  eonipletccl  development* 

In  accordam^o  with  the  plan  sketched  out  above,  the  next  chapter 
will  be  devoted  to  a  consideration  of  the  minute  structure  of  the  ele- 
mentary tissues,  and  tlie  one  after  that  to  a  preliminary  account  of  the 
chemical  composition  of  the  body.  These  two  chapters  will  serve  as  an 
introduction  to  the  study  of  the  problems  of  physiology  proper,  which 
will  be  commenced  in  Chapter  V* 
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CHAPTER  III. 

THE  STRUCTURE  OF  THE  ELEMENTARY  TISSUES. 

The  careful  examination  of  the  minute  anatomy  of  the  body  has 
shown  that  there  are  certain  elementary  structures,  of  which,  alone  or 
when  combined  in  varying  proportions,  the  whole  of  the  organs  and 
tissues  of  the  body  are  made  up.  These  Elementary  Tissues  are  four 
in  number,  called:  (1.)  The  EpitMial ;  (2.)  The  Connective;  (3.)  The 
Muscular,  B,nd  (4.)  77ie  Nervous.  To  these  four,  some  would  add  a  fifth, 
looking  upon  the  Blood  and  Lymph,  containing,  as  they  do,  formed 
elements  in  a  fluid  menstruum,  as  a  distinct  tissue. 

All  of  these  elementary  tissues  consist  of  cells  and  of  their  altered 
equivalents.  It  will  be  as  well  therefore  to  indicate  some  of  the  differ- 
ences between  the  cells  of  the  body.  They  are  named  in  various  ways, 
according  to  their  shape,  situation,  contents,  origin,  sluA  functions. 

{a.)  Prom  their  shape,  cells  are  called  spherical  or  spheroidal,  which 
is  the  typical  shape  of  the  free  cell;  this  niay  be  altered  to  jwlf/hedrai 
when  the  pressure  on  the  cells  in  all  directions  is  nearly  the  same;  of 
this  the  primitive  segmentation  cells  afford  an  example.  The  discoid 
form  is  seen  in  blood-corpuscles,  and  the  scale-like  form  in  superficial 
epithelial  cells.  Some  cells  have  a  jagged  outline  and  are  then  called 
prickle  cells.  Cells  of  cylindrical,  conical,  or  prismatic  form  occur  in 
various  places  in  the  body.  Such  cells  may  taper  off  at  one  or  both 
ends  into  fine  processes,  in  the  former  case  being  caudate,  in  the  latter 
fusiform.  They  may  be  greatly  elongated  so  as  to  become  fibres.  Cells 
with  hair-like  processes,  or  cilia,  projecting  from  their  free  surfaces,  are 
a  special  variety.  The  cilia  vary  greatly  in  size,  and  may  even  exceed 
in  length  the  cell  itself.  Finally,  cells  may  be  branched  or  stellate  with 
long  outstanding  processes. 

[b.)  From  their  situation  cells  may  be  called /r^e,  as  in  the  blood, 
or  combined,  when  connected  together  or  with  other  elements  to  form 
organs  and  tissues. 

{c.)  From  their  contents  cells  are  called,  when  containing  fat  for 
example, /rt/  cells  ;  when  containing  pigment,  ^n^rm^w^  cells,  etc. 

(d.)  From  their  function  cells  are  called  secreting,  protective,  sensi- 
tive, contractile,  and  the  like. 

{e.)  From  their  origin  cells  are  called  epihlastic  and  mesohlastic  and 
hypohlastic. 
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THB  STEUCTUEB  OF  THE  ELEMENTARY  TISSUES.  ^6 

Modes  of  Connection.— Cells  are  connected  together  to  form 
tissues  in  yarioos  ways. 

(1.)  By  mean  of  a  cementing  intercellular  substance.  This  is  prob- 
ably always  present  as  a  transparent^  colorless,  viscid,  albuminous  sub- 
stance, even  between  the  closely  apposed  cells  of  epithelium,  while  in 
the  case  of  cartilage  it  forms  the  main  bulk  of  the  tissue,  and  the  cells 
only  appear  as  imbedded  in,  not  as  cemented  together  by,  the  intercel- 
lular substance.  This  intercellular  substance  may  be  either  homogene- 
ous or  fibrillated.  In  many  cases  {e.g,,  the  cornea)  it  can  be  shown  to 
contain  a  number  of  irregular  branched  cavities,  which  communicate 
with  each  other,  and  in  which  branched  cells  lie:  through  these  branch- 
ing spaces  nutritive  fluids  can  find  their  way  into  the  very  remotest 
parts  of  a  non-vascular  tissue. 

As  a  special  variety  of  intercellular  substance  must  be  mentioned  the 
basement  membrane  {memhrana  propria)  which  is  found  at  the  base  of 
the  epithelial  cells  in  most  mucous  membranes,  and  especially  as  an 
investing  tunic  of  gland  follicles  which  determines  their  shape,  and 
which  may  persist  as  a  hyaline  saccule  after  the  gland  cells  have  all 
been  discharged. 

(2.)  By  anastomosis  of  their  processes.  This  is  the  usual  \iay  in 
which  stellate  cells,  e.g.  of  the  cornea,  are  united:  the  individuality  of 
each  cell  is  thus  to  a  great  extent  lost  by  its  connection  with  its  neigh- 
bors to  form  a  reticulum:  as  an  example  of  a  network  so  produced  we 
may  cite  the  stroma  of  lymphatic  glands. 

Sometimes  the  branched  processes  breaking  up  into  a  maze  of 
minute  fibrils,  adjoining  cells  are  connected  by  an  intermediate  reticu- 
lum: this  is  the  case  in  the  nerve  cells  of  the  spinal  cord. 

Derived  Tissue-elements.— Besides  the  Cell,  which  may  be  termed 
the  primary  tissue-element,  there  are  materials  which  may  be  termed 
secondary  or  derived  tissue-elements.  Such  are  Intercellular  substance. 
Fibres,  and  Tubules. 

fl.  Intercellular  subsfaftre  is  probjibly  in  all  cases  directly  derived 
from  the  cells  themselves.  In  some  cases  {e,g,  cartilage),  by  the  use  of 
reagents  the  cementing  intercellular  substance  is,  as  it  were,  analyzed 
into  various  miisses,  each  arranged  in  concentric  layers  around  a  cell  or 
group  of  cells,  from  which  it  was  probably  derived. 

fi.  IHbres.  In  the  case  of  the  crystalline  lens,  and  of  muscle  both 
striated  and  non-striated,  each  fibre  is  simply  a  metamorphosed  cell :  in 
the  case  of  a  striped  fibre,  the  elongation  being  accompanied  by  a  mul- 
tiplication of  the  nuclei.  The  various  fibres  and  fibrillae  of  connective 
tissue  result  from  a  gradual  tnmsformation  of  an  originally  homogene- 
ous intercellular  substance.  Fibres  thus  formed  may  undergo  gre.;t 
chemical  as  well  as  physical  transformation:  this  is  notably  the  case 
with  yellow  elastic  tissue,  in  which  the  sharply  defined  elasiic  filves, 
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possessiDg  great  power  of  resistance  to  reagents^  contrast  strikingly 
with  the  homogeneous  matter  from  which  they  are  derived. 

y.  Tubules,  such  as  the  capillary  blood-vessels,  which  were  originally 
supposed  to  consist  of  a  structureless  membrane,  have  now  been  proved 
to  be  composed  of  flat,  thin  cells,  cohering  along  their  edges. 

Decay  and  Death  of  Ceils. — There  are  two  chief  ways  in  which  the 
comparatively  brief  existence  of  cells  is  brought  to  an  end.  (I)  Mechan- 
ical abrasion,  (2)  Chemical  transformation. 

1.  The  various  epithelia  furnish  abundant  examples  of  mechanical 
abrasion.  As  it  approaches  the  free  surface,  the  cell  becomes  more  and 
more  flattened  and  scaly  in  form  and  more  horny  in  consistency,  till  at 
length  it  is  simply  rubbed  off  as  in  the  epidermis.  Hence  we  find  epi- 
thelial cells  in  the  mucus  of  the  mouth,  intestine,  and  genito-urinary 
tract. 

2.  In  the  case  of  chemical  transformation  the  cell-contents  undergo 
a  degeneration  which,  though  it  may  be  pathological,  is  very  often  a 
normal  process. 

Thus  we  have  (a)  fatti/  metamorphosis  producing  oil-globules  in  the 
secretion  of  milk,  fatty  degeneration  of  the  muscular  fibres  of  the  uterus 
after  the  birth  of  the  foetus,  and  of  the  cells  of  the  Graafian  follicle 
giving  rise  to  the  "oorpus  luteum/'  (b)  Pigme^itary  degeneration  from 
deposit  of  pigment,  e.g.  in  the  epithelium  of  the  air  vesicles  of  the  lungs, 
(c)  Calcareous  degeneration,  which  is  common  in  the  cells  of  many 
cartilages. 

I.  The  Epithelial  Tissues. 

The  term  epithelium  is  applied  to  the  cells  covering  the  skin,  the 
mucous  and  serous  membranes,  and  to  those  forming  a  lining  to  other 
parts  of  the  body  as  well  as  entering  into  the  formation  of  glands.  For 
example : — 

Epithelium  clothes  (1)  the  whole  exterior  surface  of  the  body,  form- 
ing the  epidermis  with  its  appendages — nails  and  hairs;  becoming  con- 
tinuous at  the  chief  orifices  of  the  body — nose,  mouth,  anus,  and  urethra 
— with  the  (2)  epithelium  which  lines  the  whole  length  of  the  (Ji)  respi- 
ratory, alimentary,  and  genito-urinary  tracts,  together  with  the  ducts  of 
their  various  glands.  Epithelium  also  lines  the  cavities  of  (4)  the  brain 
and  the  central  canal  of  the  spinal  cord,  (5)  the  serous  and  synovial 
membranes,  and  (6)  the  interior  of  all  blood-vessels  and  lymphatics. 

Epithelial  cells  possess  an  intracellular  and  an  intranuclear  network 
(p.  9  and  10).  When  combined  together  to  form  a  tissue,  they  are  held 
together  by  a  clear,  albuminous,  cement-substance,  scanty  in  amount. 
The  viscid  semi-fluid  consistency  both  of  cells  and  intercellular  sub- 
stance permits  such  changes  of  shape  and  arrangement  in  the  individual 


THE    STRrOTUHE    OF   THE    ELKMENTAHY   TISiSirES. 


?Ila  US  lire  necessary  if  the  epithelium  is  to  maintain  its  integrity  in 
organs  the  area  of  whose  free  tfurface  is  go  eonstaotly  changing,  as  Lhe 
itomadi,  Uiuge^  eic.  Thus.,  if  there  be  but  a  Biugle  hiyer  of  cells,  m  in 
the  epithelium  lining  the  air  vesicles  of  the  lungs,  the  stretching  of  this 

» membrane  causes  such  a  thinning  out  of  the  cells  that  tliey  ehaoge 
Iheir  shape  from  splieroidal  or  shon  columnar,  to  squamons^  and  rvr 
permf^  when  the  membrane  shrinks. 
\  Epitlielial  tissues  are  non -vascular,  that  h  to  say,  do  not  contain 
bloexl-vessels,  but  in  some  varieties  minute  i^hanuels  exist  between  the 
cells  of  certain  layers  through  which  they  may  be  sup]died  with  nour- 
ishment from  the  subjacent  blood -vessels.  Nerve  fibres  are  supplied  to 
^^the  cells  of  many  epithelia. 

^B       Kpitbeliul  tissue  is  classified  according  as  the  cells  composing  it  are 

^pirranged  in  a  single  layer  when  it  is  simple^  or  in  several  biyers  when  it 

"  is  called  i<trafifietf  or  Ifiminntnl^  or  in  two  or  tiiree  layers  occupying  a 

position  between  the  other  two  forms,  wOien  it  is  termed  /nrnfdfioHdL 

Of  each  form,  when  there  are  seven  J  varieties^  they  are  named  accord- 

Iing  to  the  sha]je  of  t!ie  cells  composing  it. 
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Classification  of  Epithelium. 


(a)  Simple. — (1.)  Sqnammis,  scaly,   pavement,   or    tessellated;   (i*.) 
'Spheroidal  or  gbiudular:  (:i)  < 'olumtiur,  cylindrical,  <<iuicul  or  ^ubh*t- 
shaped;  (4,)  CiliattHh 


(b)  Transitional 

(c)  Stratified. 


(a)  Simple  Epithelium. 


I 

^M      St/unmoufi  E/nfkelitfm. — This  form  of  epithelium  is  found  arranged 
^^•8  a  single  layer  of  flattened  cells,  as  (a)  the  pigmentary  layer  of  the 
retina^  and  forms  the  lining  of  (^j)  the  interior  of  the  serous  and  syno- 
vial sacs,  (r?)  the  alveoli  of  the  lungs,  and  (//)  of  the  heart,  blood-  and 
lymph-vessels.     It  consists  of  cells,  which  are  fiattcned  and  scidy,  with 
A  more  or  less  irregular  outline. 
^^      In  the  pigment  cells  of  tlie  retina  there  is  a  deposit  of  pigment  in 
^nhe  cell-substance.     This  pigment  consists  of  minute   molecules  of  a 
colored  substance^  mvltunn,  imbedded  in  the  eelKsubstance  and  almost 
concealing  the  nucleus,  which  is  itself  transparetit. 

In  white  rabbits  and  other  albino  animals,  in  which  the  pigment  of 
the  eye  is  absent,  this  layer  is  found  to  consist  of  colorless  pavement 
^epithelial  cells. 

The  scjnamous  epithelium  which  is  found  as  a  single  layer  lining  the 
erous  membnines,  and  the  interior  of  blood-  and  lym|)hatic- vessels,  is 
?nerally  called  by  a  distinct  name — Endothelium. 
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The  presence  of  endothelium  in  any  locality  may  be  demonstrated  by 
staining  the  ]iart  lined  by  it  with  silver  iiitmte,  whieli  brings  into  view 
the  intercellnar  cement  substance. 

It  is  found  tliiit  when  a  small  portion  of  a  perfectly  fresh  serous 


Tig.  19.— Pffi^mont-eflls  tnmi  thp  n*tlnA.  *  A,  Ct»lls  utiil  i'mIhtiu^,  s««n  oti  their  surface;  a,iiuclcut 
tDilktinctly  wvij.  In  the  ntlier  c-f  lis  tlit*  tiiiclf im  in  i-onrejilpfl  Ijv  tlie  |ijf?fii«nt  ^raiiuleift,  li,  Two  cell* 
seen  In  profile;  a,  the  outer  or  pus^Lcrior  part  cout&LuJn>^  scarcely  any  pl^^eut.     x  3TU.    (Henle  > 

membmne  for  example  (fig.  20),  is  immersed  for  a  few  minuteB  in  a 
solution  of  silver  nitrate,  and  exposed  to  the  action  of  light,  the  silver 
is  precipitated  in  some  form  in  the  intercellular  cement  substance,  and 
the  ernlntbelial  cells  are  thus  mapped  out  by  fine,  dark,  and  generally 
sinuous  lines  of  extreme  delicacy.  The  cells  vary  in  size  and  shape,  and 
are  as  a  rule  irregular  in  outline;  those  lining  the  interior  of  blood- 
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T\Xm  90— A  piece  of  the  omtfntutn  of  neat,  etalnod  in  tfilver  nitrate. 
"femitfrnlrd   mambrn nt\'"'  ihiit  in  t*>  stiy.  oue  a* h>th   Is  sUidde<J  willi   M 


1 1 H  k     Th ♦*  t  ivme  forms  a 
1  nUivU  iK  abrotis  t 


flgUiiie  thfHi?  are  of  vorioun  Hlinp?it  und  «!««*,  le^iviujf  lrjilipt'iiiii>^  tlif>  basis 

Thf  trfttx-eulii-  an?  of  various  sizes  and  nre  i  ovi'i'vcTwitli  tHidnrbpliul  eeJLs.  tfir  nuclei  **f  which  hnve 
Itet'ii  rnadt^  evident  by  Htaininj;  with  hfF'ruatoxylfn  after  the  silver  oJCrat^}  tiaa  uuilliieil  tUe  cells  by 
staining  the  iutereellu I likr  Bubstaucf.    ^  V.  1>,  llaiTh*.) 

vessels  and  lympluitics  being  spindle-shaped  with  a  very  wavy  outline. 
They  inclose  a  clear,  oval  nucleus,  which,  when  the  cell  is  viewed  in 
profile,  is  seen  to  project  from  its  surface.  The  nuclei  are  not  however 
evident  unless  the  tissue  w^hich  baa  been  already  stained  in  silver  nitrate. 
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18  placed  in  another  c3je,  such  as  hfematoxylin,  which  has  the  property 
of  selecting  and  BtaiDing  iU  Duelei. 

Endotheliiil  cells  in  certain  Bittiiitions  raay  be  ciliated,  e.g.f  those  of 
the  mesentery  of  the  frog,  especially  during  the  breeding  season. 

mmmm 
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Tig.  2t,— Abdomiii*!  mtifiice  of  central  t<*ndon  of  the  diaphragm  r>f  rabbit,  KhawiDf?  the  genend 
polyjconifct  fthape  of  the  endothelial  cells:  eacli  oelfy  tJudeatiH^L     (Klein. )     x  -^M 

r  Besides  the  ordinary  endothelial  cells  above  described^  there  are 
found  on  the  omentum  and  parts  of  the  pleura  of  nuiny  unimais,  little 
hud-like  processes  or  nodules,  consisting  of  small  polyliednil  granular 
cells,  rounded  on  tlieir  free  surface,  which  have  multiplied  very  nipitUy 
by  division  {figs.  22  and  23),  These  constitute  what  is  known  as  ger- 
minntttuj  endidheliuitK  The  jiroress  of  germination  doubtless  goes  on 
health,  and  the  small  cells  which  are  thrown  oH  in  suocesaion  are 


Piif*  SS,— IVtItoneiU  mirfacw  of  ii  portion  of  Uio  septum  of  therreat  Ijrmpb-sftcB  of  fropr,  Tb#^ 
■tomaU,  some  of  whieli  ore  opim,  some  ooilttpAed,  are  surronndf-d  by  pndothHliLl  oellB  (KkMn.) 
X  *<». 

^Kcarried  into  the  lymphatics  and  contribute  to  the  number  of  the  lymph 
^'tsorpuscles.     The  buds  may   be  enormously  increased   both  in  number 
and  size  in  certain  diseased  conditions. 

On  those  portions  of  I  he  peritoneum  and  other  serous  memltranes  in 
which  lymphatics  abound  a|>ertures  (fig.  22)  are  found  surrounded  by 
tmall,  more  or  les«  cubical,  cell.^.     These  apertures  are  called  stoniGta, 
They  are  particularly  well  seen  in  the  anterior  wall  of  the  great  lymph 


V\g.  84.— A  small  pit^v  of  the  liver  of  rlit-  horse. 
T«_  «-     ^._-  .  .       ppitheliunn.    Small  lohu^ 
X  2m.    tV.  D.  Harmj 


(Catllat  ) 


Fijr.  35.— Ol&mlular  epitliehurn.    Small  lohule  of  a  mij*x»u»  gland 
deaUHi  gtaDdular  cells.  ^  ^    ^- 


smtdl  cells,  although  the  surrounditig  cells  seem  to  radiate  from  them, 
filled  up  hy  intercellular  aubstanee  or  by  processes  of  the  cells  under- 
neath.    These  are  called  pseudo- stomal  a  (fig.  23)* 
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In  the  neighborhood  of  the  8tonmt;i  the  cells  often  manifest  indica- 
tions of  gerniiiiating.  They  may  be  either  large  with  two  or  more 
naclei,  or  about  half  the  size  of  the  gerjenility  of  cells.  CTerniinating 
cells  of  this  kind  or  of  the  kind  aboXG  described,  arc  generally  very 
granular. 
^B  Spheroidal  or  glandular  epil helium  forms  the  active  secreting  agent 
^^n  the  glands,  the  cells  are  however  not  always  of  the  same  shape  but 
may  be  besides  the  typical  spheroidal,  poiyhodral  from  miitinil  pressure, 
or  even  columnar. 

Examples  of  glandular  epithelium  are  to  be  found  in  the  liver  (fig, 
24),  in  the  secreting  tubes  of  the  kidney,  and  in  the  sidivary  (fig.  25) 
and  gastric  glands. 
^       Columftar  rpithelium  (fig.  28,  n  and  b)  as  a  single  layer  lines  (a.)  the 


Fiff.^. 


nK.  'j^. 


h*ig,  S6. — Columnar  eplihelial  wWn  from  the  int4f»ttLnal  mucous  membraoe  of  a  cat.    n  tim\  1% 
SoiikU  cell*  of  the  lowest  layer;  r.  BtipTtlcial  layer;  d,  ttoh\et  c*-Uu.    (CadtaL J 

rifice  of  the  stomach  to  the  anns^  and  (b.)  wholly  or  in  part  the  ducts 
1  the  glands  opening  on  its  free  surface;  also  (c.)  many  gland-ducts  in 
regions  of  the  body,  e,f/.,  mammary,  salivary,  etc. 
Columnar  epithelium  consists  of  cells  which  are  cylindrical  or  pris- 
matic in  form  contiiining  a  large  oval  nucleus.  They  vary  in  size  and 
so  to  a  certain  extent  in  shape;  the  outline  is  often  jagged  and  irreg- 
tilar  from  pressure  of  neighboring  cells,  but  one  end  of  the  cell  is  always 
narrower  than  the  other,  and  by  this  narrower  end  the  cell  is  as  a  rule 
attached  to  the  memhmne  beneath.  The  intracellular  and  intranuclear 
networks  are  well  developed,  and  in  some  crises  the  spongioplasm  is 
arranged  in  rods  or  longitudinal  etri®  at  one  part  of  the  cell,  generally 
the  attached  border,  as  in  some  of  the  cells  of  the  ducts  of  salivary 
glands. 

I  This  may  also  be  the  case  with  the  columnar  epithelial  cells  of  the 
alimentary  canal  which  possess  an  a|)parently  structureless  layer  on 
their  free  surface:  such  a  layer,  appearing  striated  when  viewed  in  sec- 
tion, is  termed  the  ** striated  basilar  border"  (fig*  28,  n). 

The  protoplasm  of  columnar  cells  may  be  vacuolated  and  may  also 
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contain  fat  or  other  substances^  of  which  the  most  likely  is  mucin  or 
its  antecedent  mucigen,  to'  bo  seen  in  the  form  of  granules.  It  is  to  the 
presence  of  mucin  that  a  curious  transformation  which  columnar  cells 
may  undergo  is  due,  and  from  which  the  alteration  iu  their  shape 
whereby  "  goblet-cells  "  are  produced  (Gg.  27)  arises.  These  altered  cells 
are  hardly  ever  evident  in  a  perfectly  fresh  specimen;  but  if  such  a 
specimen  be  watched  for  some  time,  little  knobs  are  seen  gradually  to 
appear  on  the  free  surface  of  the  epithelium  and  are  finally  detached; 
these  consist  of  the  cell-contents  which  are  discharged  by  tha  open 
mouth  of  the  goblet,  leaving  the  nucleus  surrounded  by  the  remains  of 
the  protoplasm  in  its  narrow  stem. 

This  transformation  is  a  normal  process  which  is  continually  going 
on  during  life,  the  discharged  cell-contents  contributing  to  form  mucus, 


liar.  28.— Vertical  section  of  an  intestinal  villus  of  a  cat.  a.  The  striated  ba  ilar  border  of  the 
eiutheliiiin;  b,  columnar  epithelium;  c,  goblet  cells;  cf.  central  lymph- vesuel:  e,  unslriped  muscular 
tlbi*e8;  /,  adenoid  8trouia  of  the  villus  in  which  are  contained  lymph  corpuscles.    cKlein.) 

tlie  cells  themselves  being  supposed  in  many  cjises  after  discharge  to 
recover  their  original  shape. 

Ciliated  e^nthdium  consists  of  cells  which  are  generally  cylindrical 
in  form  (figs. -29,  30),  but  may  be  spheroidal  or  even  almost  squamous. 

This  form  of  epithelium  lines— (a.)  the  mucous  membrane  of  the 
respiratory  tract  beginning  just  beyond  the  nasal  aperture  and  com-  ' 
pletely  covering  the  nasal  passages,  except  the  upper  part  to  which  the 
olfactory  nerve  is  distributed,  and  also  the  sinuses  and  ducts  iu  connec- 
tion with  it  and  the  bichrymal  sac;  the  upper  surface  of  the  soft  palate 
and  the  naso-pharynx,  the  Eustachian  tube  and  tympanum,  the  larynj[, 
except  over  tlie  vocal  cords,  to  tlie  finest  subdivisions  of  the  bronchi. 
In  part  of  this  tract,  however,  the  epithelium  is  in  several  layers,  of 
which  only  the  most  superficial  is  ciliated*  so  that  it  should  more  accu- 
rately be  termed  transitional  (p.  35)  or  stratified,  (b.)  Some  portions 
of  the  generative  apparatus  in  the  male,  viz.,  lining  the  "  vasa  efferentia" 
of  the  testicle,  and  their  prolongations  as  far  as  the  lower  end  of  the 
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ipiclidjmig;  in  the  female  (c.)  conimeiiciug  about  the  mitldle  of  the 
^tieck  of  the  u tonus  «^i^  extending  thmtighuut  tho  uterus  nm\  Fallopiiui 
tubes  to  their  fimbrinted  extremities^  find  even  for  a  short  distiince  on 
the  peritoueul  surface  of  the  latter,  (d.)  The  ventricles  of  the  brain 
and  the  centml  camil  of  the  spinal  cord  are  clothed  with  ciliated  epithe- 
lium in  the  child,  but  in  the  adult  this  epithelium  ia  limited  to  the 
central  canal  of  the  cord.  In  the  enihrTo  the  pharynx,  cesophagus,  and 
part  of  the  stomach  may  idso  be  lined  with  ciliated  cclla.  (c.)  The  ex- 
cretory ducts  of  certain  small  glands  in  different  localities.  {(,)  In 
certain  animals,  esijccially  the  kwver  vertebrates,  ciliated  cells  line  the 
beginning  of  the  tubes  of  the  kidneys. 

The  Cififi  are  fine  hair-like  processes  which  give  tho  name  to  this 
variety  of  epithelium;  they  vary  a  good  deal  in  tiize  in  different  classes 


f-,3f 


Fig,  29.  rifr,  *>> 

FlK.  29,— Spheroidal  ciliatec]  cells  from  the  mouth  of  tlitt  frcig.    x  3WI  dJameCerB. 
Vie.  *>.— ClliaU«d  epithelitiin  froii*  Um  ImtuHn  invt^ht-tt.    I^rgt',  fully  forrnea 
cell;  f,  dtfvelopitiK  cellsi  Willi  more  thiin  out*  uuflfim.     (  Caillat..) 


rsiiarp«*v.) 
cH*ll.    h,  sLorter 


of  animals,  being  very  much  smaller  in  tlie  higher  than  among  the 
lower  orders,  in  which  they  sometimes  exceed  in  length  the  cell  itself. 

The  number  of  cilia  on  any  one  cell  ninges  from  ten  to  thirty,  and 
those  attached  to  the  game  cell  are  (»ften  of  ditferent  lengths,  in  the 
hnman  tnicheji  measuring  j^pj^  to  ^^^  of  an  inch,  but  nearly  ten  times 
the  length  in  the  cells?  of  the  epididymis. 

The  cilia  themselves  are  fine  rounded  or  flattened  processes,  ap{>ar- 
cDtly  homogeneous,  pointefl  toward  thoir  free  extremities.  According 
some  observers  the&e  processes  are  connected  through  intervening 
|tti(i'>like  junctions  witlj  lungitudinal  fibres  which  pass  to  the  other 
id  of  the  c«!l,  but  whit^h  are  not  connected  with  the  nucleus. 

When  living  ciliuted  epithelium,  c.r/.,  from  the  gill  of  a  mussel,  or 

yster,  or  from  the  mouth  of  the  frog,  or  from  a  scraping  from  a  polypus 

roni  the  hnman  nose,  is  examined  under  the  microscope  in  a  drop  of 

1,6  per  cent  solution  of  coniinon  salt  {rformnl  sniine  soIuHoji)^  the  cilia 

re  seen  to  be  in  constant  nipid  motion,  eaeli  c ilium  being  fixed  at  one 

end,  and  swinging  or  lashing  to  and  fro.     The  generjil  impression  given 

•      3 
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to  tlie  eye  of  the  observer  is  very  similar  to  that  produced  by  waves  in  a 
field  of  corn,  or  swiftly  running  and  rippling  water,  and  the  result  of 
their  movement  is  to  produce  a  continuous  current  in  a  definite  direc- 
tion, and  this  direction  is  invariably  the  same  on  the  same  surface, 
being  always,  in  the  case  of  a  cavity,  toward  its  external  orifice. 

Ciliary  Motion. — Ciliary,  which  is  closely  allied  to  amoeboid  and 
muscular  motion,  is  alike  independent  of  the  will,  of  the  direct 
influence  of  the  nervous  system,  and  of  muscular  contraction.  It  may 
contiune  for  several  hours  after  death  or  removal  from  the  body,  pro- 
vided the  portion  of  tissue  under  examination  be  kept  moist.  Its  inde- 
pendence of  the  nervous  system  is  shown  also  in  its  occurrence  in 
the  lowest  invertebrate  animals  apparently  unprovided  with  anything 
analogous  to  a  nervous  system,  in  its  persistence  in  animals  killed  by 
prussic  acid,  by  narcotic  or  other  poisons,  and  after  the  direct  applica- 
tion of  narcotics,  such  as  morphia,  opium,  and  belladonna,  to  the 
ciliary  surface,  or  of  electricity  through  it.  The  vapor  of  chloroform 
arrests  the  motion;  but  it  is  renewed  on  the  discontinuance  of  the 
application.  The  movement  ceases  when  the  cilia  are  deprived  of 
oxygen,  although  it  may  continue  for  a  time  in  the  absence  of  ffee 
oxygen,  but  is  revived  on  the  admission  of  this  gas.  Carbonic  acid 
stops  the  movement.  The  contact  of  various  substances,  c.^r.,  bile,  strong 
acids,  and  alkalies,  will  stop  the  motion  altogether;  but  this  seems  to 
depend  chiefly  on  destruction  of  the  delicate  substance  of  which  the 
cilia  are  composed.  Temperatures  above  45°  C.  and  below  0°  C.  stop 
the  movement,  whereas  moderate  heat  and  dilute  alkalies  are  favorable 
to  the  action  and  revive  the  movement  after  temporary  cessation.  The 
exact  explanation  of  ciliary  movement  is  not  known;  whatever  may  be 
the  exact  cause,  however,  at  any  rate  the  movement  must  depend  upon 
some  changes  going  on  in  the  cell  to  which  the  cilia  are  attached,  as 
when  the  latter  are  cut  off  from  the  cell  the  movement  ceases,  and  when 
severed  so  that  a  portion  of  the  cilia  are  left  attached  to  the  cell,  the 
attached  and  not  the  severed  portions  continue  the  movement.  The 
most  probable  cause  of  the  movement  is  that  it  is  part  of  the  inherent 
power  which  protoplasm  possesses  and  that  the  cilia  are  but  prolonga- 
tions of  the  spoiigioplasm  of  the  cell.  It  has  been  suggested  by  Engel- 
mann  that  if  this  be  the  case,  the  contractile  part  of  the  protoplasm  is 
only  on  the  concave  side  of  a  curved  cilium,  and  that  when  this  con- 
tracts that  the  cilium  is  brought  downward;  where  relaxation  occurs, 
the  cilium  rebounds  as  if  by  the  elastic  recoil  of  the  remainder  or  convex 
border. 

As  a  special  subdivision  of  ciliary  action  may  be  mentioned  the 
motion  of  spermatozoa,  which  may  be  regarded  as  cells  with  a  single 
cilium. 


THE   STRUCTURE   OF  THE    ELEMKNTART    TISSUES. 


35 


(b)  Transitional  Epithelium. 

This  term  bus  been  appbed  to  colls,  wbich  ure  neither  iirniTigetl  in  a 
lingle  layer,  as  i«  tbe  case  with  simple  epithelium,  nor  yet  in  many 
8uperimp«jsed  stnita  us  in  Umiiiate4;  in  otber  wonls.  it  is  empU>yed 
wheu  epithelial  cells  are  found  in  two,  three,  or  four  superimposed 
layers. 

Tbe  upper  hiyer  muy  be  either  single  cobimnar,  eobinnnir  ciliated, 
or  squamous.  When  tbe  upper  hiyer  i«  coUininiir  or  ciliiited  the  second 
layer  consiets  of  smaller  cells  fitted  into  tbe  inequalities  of  the  cells 
ibove  them,  as  in  tbe  traehea  (i\^.  W), 

Tbe  epithelium  wliich  is  met  with  lining  tin'  urinary  bl:i<Ub^r  nm\ 
ureters  is,  however,  the  tmuttittonal  p^tr  ejreHeitve,     In  tliis  variutv  tlirre 


tng.  81. 


Fijc.  AS- 


Fiip.  3t.— Epith*-lluni  of  ih©  bJiwlder.  a,  Oue  of  t»i©  Cf*lls  of  the  nnit  row;  h,  u  rA\  of  the  wcond 
roWjc,  C«ll*  in  wttiu  of  first.  si?ooi»l.  iiud  dt^iJi^t  Jayers.    U H^wTsiritii^r.  > 

rig.  S*.— TriMJflitioiial  epitbelJiil  t>-U»  from  it  fieraplng  of  the  mucoua  membrane  of  lii«"  bL!ukl«r  of 
tli«  nilEliit.    CV,  D.  Harrifi*.; 


k^ 


two  or  three  layers  of  cells,  the  upper  being  more  or  less?  flattened 
according  to  tbe  full  or  collapsed  conditiou  of  the  organ,  their  under 
surface  being  marked  with  one  or  more  depressioUH,  into  which  tlie 
^bieads  of  tbe  next  layer  of  club-shaped  cells  fit.  Between  the  lower  and 
^*  narrower  partd  of  the  second  row  of  cells  are  fixed  the  irregular  cells 
which  constitute  the  third  row^  and  in  like  manner  sometimes  a  fourth 
row  (fig.  31).  It  can  he  easily  understood.,  therefore,  that  if  a  scraping 
of  tbe  mucous  membrane  of  the  bladder  be  teased,  and  examined  under 
the  microscope,  cells  of  a  great  variety  of  forms  may  be  luade  out  {Ag. 
3?)*  Each  cell  contains  a  large  nuclens  and  tbe  larger  and  superficial 
cells  often  possess  two. 

(c)  Stratified  Epithelium. 

The  term  stratified  epithelium  i«  employed  when  the  cells  formitig 

|iie  epithelium  are  arranged  in  a  considerable  nuuiher  of  superimposed 

'ftyers.     The  shape  and  size  of  tbe  cells  of  tbe  different  layers,  as  well 

I  the  nunibi'r  of  the  hiyers,  vary  in  different  situations.     Thus  tbe 
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superficial  cells  are  ua  a  rule  of  the  squamous,  or  scaly  variety,  and  the 
deepest  of  the  columnar  form. 

The  cells  of  the  intermediate  layers  are  of  different  shapes,  but  those 
of  the  middle  layers  are  more  or  less  rounded.  The  superficial  cells  are 
broad  and  overlap  by  their  edges  (figs.  33  and  34).    Their  chemical  com- 


Fig.  83.^Sqtiamous  epithelium  scales  from  the  inside  of  the  mouth.    X  MO.    (Henle.) 

position  is  different  from  that  of  the  underlying  cells,  as  they  contain 
keratin,  and  are  therefore  horny  in  character. 

The  nucleus  is  often  not  apparent.  The  really  cellular  nature  of 
even  the  dry  and  shrivelled  scales  cast  off  from  the  surface  of  the  epi- 
dermis can  be  proved  by  the  application  of  caustic  potash,  which  causes 
them  rapidly  to  swell  and  assume  their  original  form. 

The  squamous  cells  exist  in  the  greatest  number  of  layers  in  the  epi- 
dermis or  superficial  part  of  the  skin;  the  most  superficial  of  these  are 
being  continually  removed  by  friction,  and  new  cells  from  below  supply 
the  place  of  those  cast  off. 

The  intermediate  cells  approach  more  to  the  flat  variety  the  nearer 
ihey  are  to  the  surface,  and  to  the  columnar  as  they  approach  the  lowest 


F\g.  34.— Vertical  section  of  the  stratified  epithelium  of  the  rabbit's  cornea,  a.  Anterior  epithe- 
lium, showing  the  different  shapes  of  the  cells  at  various  depths  from  the  free  surface;  b,  a  portion 
of  the  substance  of  cornea.    (Klein.) 

layer.  There  may  be  considerable  intercellular  intervals;  and  in  many 
of  the  deeper  layers  of  epithelium  in  the  mouth  and  skin,  the  outline  of 
the  cells  is  very  irregular,  in  consequence  of  processes  passing  from  cell 
to  cell  across  these  intervals. 

Such  cells  (fig.  35)  are  termed  "ridge  and  furrow,*' " cogged  "  or 
"  prickle  "  cells.  These  "  prickles  "  are  prolongations  of  the  intracellular 
network  which  run  across  from  cell  to  cell,  thus  joining  them  together. 
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reticoa  being  filled  by  the  transpurent  intereclluljir  cemout-sub- 
le.     When  tliia  intTeases  in  qyiintity  in  iuflummutioii  tiie  cells  are 
ptishad  further  apurt^  and  the  connecting  fibrils  or  *' prickles  *' elongated 
d  ihereforo  more  cleiirly  visible. 
The  eoluninur  cellB  of  the  deepest  layer  are  distinctly  nucleiited;  they 
multiply  rapidly  hy  division;  and  as  new  cells  are  formed  beneath,  they 
press  the  older  cells  forwiird  to  bo  in  tuni  |ircgaed  forward  themselves 
toward  the  surface,  gradually  altering  in  shape  and  chemical  comjiositiou 
until  they  are  cast  off  from  the  surface. 

Stratified  epitlielinin  is  found  in  tlie  following  gituation&:  (L)  Form- 
>ing  tlie  epidermis,  covering  the  whole  of  the  external  surface  of  the  lunlyi 
;(2,)  Covering  the  mucous  membrane  of  the  nose,  tongue,  moutli,  pharynx, 
and  oesophagus;  (:L)  As  the  coiijuuciival  epithelium,  covering  the  cor- 
nea^ (i,)  Lining  the  vagina  and  the  vaginal  part  of  the  cervix  uteri. 


i,—J&gged  ocilis  fFom  the  niUlillt^  liLyei-^  uf  jijivi nciu  epitheUtim,  from  a  vertical  wctioti  of  Ihe 
Kiim  of  n  tR*w  bum  Jiifnnt.    (Klein. > 

Functions  of  Epithelium.— According  to  function,  epithelial  cells 
\^may  be  L-lassified  as;  (L)  Proffxfive^  r,//.,  in  the  i^kin,  mouth,  bluorl- 
rossels,  etc.  (2,)  Prnlmiive  and  morintf — ciliated  epithelium,  (3*) 
SecreiiHg — glandular  epithelium;  or,  Secreting  formed  elements — epi- 
thelium of  testicle  secreting  «pcrrn!itozoa.  (I/)  Protect  ire  and  strniitt*/, 
e.(/,,  epithelium  of  iutestiue.  (5)  iSenmria/,  v,f/.j  olfactory  ceils,  rods  and 
cones  of  retina,  orgjin  of  Corti. 

Epithelinm  forms  a  continuous  smooth  investment  over  the  whole 
body,  l>eing  thit-kenetl  into  a  hard,  horny  tissue  at  the  points  most  ex- 
posed to  pressure,  and  developing  various  appendages,  such  as  hairs  and 
nails,  whoKe  structure  and  functions  will  be  considered  in  a  future  chapter. 
Epithelium  lines  also  rlie  sensorial  surfaces  of  the  eye,  ear,  nose,  and 
iouth,  and  thus  serves  as  the  medium  through  which  all  impressiona 
"^from  the  external  world — touch,  smell,  taste,  sight,  bearing — reach  the 
delicate  nerve  endings,  whence  they  are  conveyed  to  the  brain. 

The  ciliated  epithelium  wliieh  lines  the  air-passages  serves  not  only 
as  a  protective  investment,  but  also  by  the  movements  of  its  cilia  pro- 
motes currents  of  the  air  in  the  bronchi  ami  bronchia,  and  is  enabled  to 
^ftpropel  fluids  and  minute  particles  of  solid  matter  so  as  to  aid  ihi*ir  e^- 
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pulsion  from  the  body.  In  the  case  of  the  Fallopian  tube,  this  agency 
assists  the  progress  of  the  ovum  toward  the  cavity  of  the  uterus.  Of  the 
purposes  served  by  cilia  in  the  ventricles  of  the  brain  nothing  is  known. 

The  epithelium  of  the  various  glands,  and  of  the  whole  intestinal 
tract,  has  the  power  of  secretion,  i.e,,  of  chemically  transforming  certain 
materials  of  the  blood ;  in  the  case  of  mucus  and  saliva  this  has  been 
proved  to  involve  the  transformation  of  the  epithelial  cells  themselves; 
the  cell-substance  of  the  epithelial  cells  of  the  intestine  being  discharged 
by  the  rupture  of  their  envelopes,  as  mucus. 

Epithelium  is  likewise  concerned  in  the  processes  of  transudation, 
diffusion,  and  absorption. 

It  is  constantly  being  shed  at  the  free  surface  and  reproduced  in  the 
deeper  layers.  The  various  stages  of  its  growth  and  development  can 
be  well  seen  in  a  section  of  any  laminated  epithelium  such  as  the  epidermis. 

II.  The  Connective  Tissues. 

This  group  of  tissues  forms  the  Skeleton  with  its  various  connections 
— bones,  cartilages,  and  ligaments  and  also  affords  a  supporting  fmme- 
work  and  investment  to  the  various  organs  composed  of  nervous,  mus- 
cular, and  glandular  tissue.  Its  chief  function  is  the  mechanical  one  of 
support,  and  for  this  purpose  it  is  so  intimately  interwoven  with  nearly 
all  the  textures  of  the  body  that  if  all  other  tissues  could  be  removed, 
and  the  connective  tissues  left,  we  should  havea  wonderfully  exact  model 
of  almost  every  organ  and  tissue  in  the  body,  correct  even  to  the  small- 
est minutiaB  of  structure. 

Sfmciure  of  Connective  Tissues  in  General. 

Connective  tissue  is  made  up  of  two  chief  elements,  namely,  ctUs 
and  intercellular  substance. 

(A.)  Cells. — The  cells  are  of  two  kinds: 

(a,)  Fixed  Cells. — These  are  of  a  flattened  shape,  with  branched  pro- 
cesses, which  are  often  united  together  to  form  a  network:  they  can  be 
most  readily  observed  in  the  cornea,  in  which  they  are  arranged,  layer 
above  layer,  parallel  to  the  free  surface.  They  lie  in  spaces  in  the  inter- 
cellular or  ground  substance,  which  are  of  the  same  shape  as  the  cells 
they  contain,  but  rather  larger,  and  which  form  by  anastomosis  a  system 
of  branching  canals  freely  communicating  (fig.  36). 

To  this  class  of  cells  belong  the  flattened  tendon  corpuscles  which 
are  arranged  in  long  lines  or  rows  parallel  to  the  fibres  (fig.  42). 

These  branched  cells,  in  certain  situations,  contain  a  number  of  pig- 
ment grtmuloS,  giving  thcni  a  dark  appearance;  they  form  one  variety 
of  pigment  cell.  Branched  pigment  cells  of  this  kind  are  found  in  the 
outer  layers  of  the  choroid  (fig.  37).     In  many  of  the  lower  animals. 
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men  ae  the  frog,  they  are  found  widely  distributed,  uot  only    in  tlie 
1  Ekin,  but  also  in  internal  parts,  ^,^.,  tho  mesentery  aiul  sheaths  of  blood* 
vessels.     In  the  web  of  the  frog's  foot  such  cells  may  be  seen  with  pig- 
Ljnent  graiuiles  evenly  distributt'd  throughout  the  body  of  the  cell  and 
fits  processe**;  but  uuder  the  action  uf  light,  electricity,  and  other  stim- 
uli, tbe  pigment  granules  become  massed  in  the  body  of  the  cell,  leaving 
the  processes  quite  hyaline:  if  the  stinmlus  be  removed,  they  will  grad- 
ually be  distributed  ag.iin  throughout  tbe  processes.     Thus  the  skin  in 
the  frog  is  sometimes  uniformly  dusky,  jind  sometimes  quite  light-colored, 
with  isolated  dark  spots.     In  the  choroid  and  retina  the  pigment  cells 
fubsorb  light. 

(h,)  Ainwhoid  tWa^  of  an  approximately  Bjdierical  sbupe;  they  have 
a  great  general  resemlilance  to  colorless  blood-(M>rjvu.'^cle<?,  with  which 


^      \ 


y 


J(6.— Horiioatal  pn^puniMoTi  of  tbp  mmeii  of  fi^iK.  stnlni'ii  in  ifold  i-hlrtHde:  Hhowfng  tho 
•^  of  hranehecl  cornea  cn>rpu!wle«.    Tlit*  i^iv^uuii  Ktil>stAiJC«?  is  completely  L'olorltnw,     X  4dO. 


I  Bome  of  them  are  probably  identical.  Tbey  consist  of  finely  granular 
'nucleated  protoplasm,  and  have  the  proptTty,  not  only  of  changing  their 
form  but  also  of  moving  about,  hence  they  are  termed  mif/rafortf.  They 
are  reiidily  distinguished  from  tbebrancluKi  connective-tissue  corpuscles 
by  their  free  condition,  and  the  absence  of  processes.  Some  sire  much 
larger  than  others,  jiud  are  found  espefi.illy  in  tbe  subliirgnsil  gland  of 
the  dog  and  guinea-pig,  and  in  the  mucous  membrane  of  the  intestine, 
second  variety  of  these  celk  called  pfattma  relfs  are  larger  than  the 
amceboid  cells,  apparently  gnin tdar,  less  ai-ti ve  in  their  movements.  They 
are  chiefly  to  be  found  in  the  luter-muscular  septsi,  in  the  mucous  and 
sub-mucous  coats  of  the  intestine,  in  lymphatic  glands,  and  in  tbe  omen- 
tum. 

(B,)  Intercellular  Substance.— This  may  be  fibrillar,  as  in  the 
fibrous  tissues*  and  in  certain  varieties  of  cartilage;  or  homngenemis,  as 
in  hjaline  csirtilage. 
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The  fibres  coniposiug  tbc  former  are  of  two  kiuda — (a,)  White  fibrt^ 
(b.)  Yellow  elastic  libres. 

{a,)  WhiJe  Fibres, — ^Theae  are  iirrunged  parallel  to  each  other  in  wavj^ 
bundles  of  varioug  sizes;  sueb  bundles  niay  either  have  a  parallel  ar- 


j^  "^ 


YiA.  H7. 


¥\^.  88. 


ng.ae. 


fine,  varying  from  ^J, 


Ft?*  3T-— RAMiirlefl  jvi(fiiit-til  ci*IIh  f  ivjiti  lh*»  tltwiit*  iif  tltr  •^horokl  Ciiot  of  the  eye,  X  3f)0.  «j  CVU 
w1tlii>i|?ni**iit:  b,  eolorlfssi  rtinffor  ni  e^-lls     '  K«'!llikiT.  J 

Fi^.  ;iH.^^Flat,  pigmenlMl^  liratK'lK^I  tv»umH'ti\>'  Hmku*^  rells  rn>m  llni*  etheuth  of  a  largv  blood- 
vejtMi'l  of  tilt*  frujj^s  luesenUTv:  ihe  pipnit*!!^  is  not  (fisfrihuted  tiiiifuniily  LLirou^hout  the  ^ubstJucii 
of  tliH  l!ar;,'Hr  it^ll^  cmiMNjui^ulty  tionn^  nnrtn  i-r  it  liwck  blfu-k*^r  iban  oUiers  (uncocicracted  AAte>.  Im 
the  two  smaller  fctls  iinmJ  i'f  th»-  i^i[)fft]*'i»l  is  wirh^lniwii  into  ili»»  cellliody,  »o  tlmt  they  appetr 
eoiialli^n  blacker,  antl  h^ss  hraiiiHuxL     v  ^Ti^t,     cKlt^iii  And  Nobl**  Smith.  > 

Fi*r.  39.— Fibrciiis  tisfttie  of  eorat^jt,  tihoiiftinK  biifn^lt'^^  of  ilbrpH  with  a  ft»w  scdtteml  fuatTonii  ceUf 
Ca>  b'ifJ^r  *ti  the  inti^r-fasck'ulnr  Himces,     x  M^h    (Kk-itj  an.J  N*ihle  SiuJtJj.) 

rangement  {^^g,  39),  or  iniiy  produce  quite  a  felted  texture  by  their  inter- 
lace men  t    The  individual  fibres  composing  these  faHciculi  are  exceedingly 

to  t^iW  ^^i^^'l^  '•''•>  ^tAtti  to  TT»Vi7r  mm,/  or 0.5  to 
1/jt,  homogeneous,  uiibrunched,  and  of  the 
Kame  diameter  throughont.  They  can  readily 
be  isrdated  by  niacenUiiig  a  portion  of  white 
fibrous  tissue  {e,g,,  a  small  piece  of  tendon) 
for  a  short  time  in  lime,  or  baryta- water,  or 
in  a  solution  of  comuiou  salt,  or  of  potassium 
permanganate:  these  reagents  possess  the 
power  of  dissolving  the  cementing  inter- 
filirillur  aubj>lance  ami  of  thus  separating  the 
fibres  from  each  other.  By  prolonged  hoil- 
ing  tlie  fibres  yield  fjduiin. 

{K)  IWoiv  Ehsff'r  Fihrcs  (fig.  40)  are  of 
all  sizes,  from  excessively  fine  fibrils,  jiJ-j^^ 
inch,  up  to  fibres  of  considerable  thickness, 
^j^ijLy^  inch  (i,(^.,  from  about  l.-^i  to  Gn):  they 
are  distinguishe<i  from  white  fibres  by  the 
following  characters :  (1.)  Their  great  power 
of  resistunce  even  to  the  prolonged  action  of  chemical  reagents,  «.y., 
caustic  soda,  acetic  acid,  etc.     (2*)  Their  well-defined   outlines.     (3.) 

*  itjVu  millimetre  =  1  micron,  wiiich  is  represented  by  the  Greek  /*. 


I 


Fijr-  40.— Eliuiifc  fibres  from 
the  ]|f7tim«^T)ta  eubflava.  x  SOO 
CSharptfy.  > 


THE   STRUCTURE   OF  THE   ELEMENTARY  TISSUES.  41 

Their  great  tendency  to  branch  and  to  form  networks  by  anastomosis. 
(4.)  Their  twisted  corkscrew-like  appearance,  and  that  their  free  ends 
usually  curl  up.  (5.)  Their  yellowish  tint  and  considerable  elasticity. 
(6.)  Their  resistance  to  hsBmatoxylin  and  similar  reagents,  and  their 
affinity  for  magenta  and  other  aniline  staining  colors. 

These  fibres  yield  on  boiling  not  gelatin,  but  a  gelatinous  substance 
called  elastin. 

The  chief  varieties  of  connective  tissues  may  be  thus  classified : 

I.  7^  Fibrous  Connective  Tissues, 

A.— Chief  Forms, 
a.  White  fibrous. 
h.  Elastic. 
c.  Areolar. 

B. — Special  Varieties. 

a.  Gelatinous. 

b.  Adenoid  orRetiform. 

c.  Adipose. 

II.  Cartilage. 

III.  Bone. 

I.  Fibrous  Connective  Tissues. 

A. — Chief  Forms.— (a.)  White  Fibrous  Tissue. 

Distribution. — It  is  found  typically  in  tendon;  also  in  ligaments,  in 
the  periosteum  and  perichondrium,  the  dura  mater,  the  pericardium, 
the  sclerotic  coat  of  the  eye,  the  fibrous  sheath  of  the  testicle;  in  the 
fasciaB  and  aponeuroses  of  muscles,  and  in  the  sheaths  of  lymphatic 
glands. 

Structure. — To  the  naked  eye  tendons  and  many  of  the  filroiis 
membranes,  when  in  a  fresh  state,  present  an  appeanince  as  of  watered 
silk.  This  is  due  to  the  arrangement  of  the  fibres  in  wavy  parallel  bun- 
dles. Under  the  microscope  the  tissue  appears  to  consist  of  long,  often 
parallel,  bundles  of  fibres  of  different  sizes.  The  fibres  of  tlie  same  bun- 
dle now  and  then  intersect  each  other.  The  cells  in  tendons  (fig.  42) 
are  arranged  in  long  chains  in  the  ground  substance  sepanitingthe  bun- 
dles of  fibres,  and  are  more  or  less  regularly  quadrilateral  with  large 
round  nuclei  containing  nucleoli,  which  are  generally  placed  so  as  to  be 
contiguous  in  two  cells.  Each  of  these  cells  consist  of  a  thick  body, 
from  which  processes  pass  in  various  directions  into,  and  partially  fill 
up  the  spaces  between,  the  bundles  of  fibres.  The  rows  of  cells  are 
separated  from  one  another  by  lines  of  cement  substance.  The  cell 
spaces  can  be  brought  into  view  by  silver  nitrate.     The  cells  are  gener- 
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iilly  marked  Ity  one  or  marc?  lines  or  stripes  when  viewod  longituditially. 
This  !i[»|K^uran€e  is  rmlly  prcMlyt'inl  by  the  wing-like  processes  of  the 
cell  which  jiroject  aw?iy  from  the  chief  part  of  the  cell  in  different  di- 
rections. These  processes  not  being  in  the  same  phiiie  as  the  body  of 
the  cell  are  out  of  fot^us  ami  give  rise  to  these  bright  stripes  are  looked 
at  from  above  and  are  in  focus. 

The  bniTiched  clniracter  of  tlie  cells  is  seen  in  transverse  section  ia 
fig.  4:3. 

(h)  Yellow  Elastic  Tissue. 

DisirihNimtu—h\  the  ligumentum  nucha^  of  the  ox,  horse,  and  many 
other  animals;  in  tlie  lig^imonta  subflava  of  m]M\\  in  the  arteries^  coii- 
stitnting  the  fenestrated  coat  of  Henle;  in  veins;  in  the  lunge  and  tru- 


JCDir-i  ^ 


:Sn 


mk\ 


"T«^ 


•\, 


Fig.  41, 


Tiw^U. 


F1|f.  41.— Mattir**  white  ftbrrmg  tbt»ue  of  tendon,  ciDBlsttng  mainly  of  flhnes  with  a  few  suntteml 
fij«tifi>mi  eelK    (Sirk'ktr.) 

!•%.  4.;.— Cautliil  tenciun  of  jiMinjf  r»t,  Hliowfng  thnp  arraDg«iiient,  forni»  and  structun!  of  the 
k-mlonoeiJa    X  800.    tKlein.) 


choa;  in  the  etylo-hyoid,  thyro-hyoid,  and  crico-thyroid  ligaimentg;  in 
tlie  true  vocal  chords;  and  in  areolar  tissue* 

Siructure, — Elastic  tissue  occurs  in  varionss  forms,  from  a  structure- 
less, elastic  membrane  to  a  tissue  whose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at  dilTe rent  angles;  when  seen  in  bundles 
elastic  fibres  are  yellowish  in  color,  but  individoai  fibres  are  not  so  dis- 
tinctly colored.     The  varieties  of  the  tissue  may  be  classified  as  follows: 

{a.)  Fine  clastic  fibrils,  which  branch  ami  anastomose  to  form  a  net- 
work i  this  variety  of  elastic  tissue  occurs  chiefly  in  the  skin  and  mucous 
membranes,  in  subcutaneous  and  submucous  tissue,  in  the  lungs  and 
true  vocal  cords. 

(7/.)  Thick  fibres,  si »nje times  cylindrieul,  sometimes  flattened  like 
tape,  which  hrancli,  anastomose  and  form  a  network :  these  are  seen 
most  typiciilly  in  the  Hgu men ta  subflava  and  also  in  the  ligamentnm 
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Icha?  of  such  animuls  as  the  ox  and  horse,  in  which  thut  ligament  is 
irgelj  developed  (fig.  40), 

(c)  Elastic  memhranes  with  perforations,  e.g.,  Henle's  fenestrated 
lembrane:  this  variety  is  found  chiefly  in  the  arteries  and  veins. 

(fi,)  Continuous,  honiogenons  elastic  membranes,  e,f/,,  Bowmmfs  an- 

Ilerior  elastic  lamina  and  Descemet's  posterior  ehistic  lamina,  both  in  the 
cornea. 
A  cortitin  number  of  Battened  connective-tissue  cells  »re  found  in 
the  ground  substance  between  the  elastic  fibres  which  make  up  this 
Tarioty  of  connective  tissue, 
(c.)  Areolar  Tissue. 
Didribuiion, — This  variety  of  fibrous  tissue  has  a  very  wide  distribu- 


Fig.  48. 


Fig.  41. 


Fhr,  43. -Trans  Vf^rw*  KH^tion  nf  t<*nr!oii  from  a  crOBS  Sfvrion  of  the  tall  of  u  rabbit,  alio  win  j? 
llbeAth,  tU>n>iii«  KeptA.  and  hmnchwl  i!oi:iDet''tivn  tisgu^  t-orpUfHutes.    Tbi"  Hymcea  left  wblte  in  tbv 
"awing  n?|Mv*ent  the  tendiuuus  (Ibres  in  transverse  i»ei:tioD.     X  tftti,     (KleiH. ) 

*"  -.  44.— Truunrei'se  wclion  of  a  portion  of  llg.  michiRt  ftbowlng  the  outlioe  of  the  Abrea.    (After 


tiou  and  constitutes  the  subcutaneous,  subserous,  and  submucous  tissue. 
It  is  found  in  the  UMieoue  membranes-^  in  the  true  skin, and  in  the  outer 
sheaths  of  the  blood-vessels.  It  forms  sheaths  for  muscles,  nerves,  glands, 
an  1  the  internal  organs,  and  penetratinji?  into  their  interior,  supports 
and  connects  tlie  (in est  parts. 

Structure. — To  tlie  n  iked  eye  it  appears,  when  stretched  out,  as  a 

leecy,  white,  and  soft  meshwork  of  fine  fibrils,  with  here  and  there  wider 

films  joining  in  it,  the  whole  tissue  being  evidently  elastic.     The  open- 

jR»ss  of  the  meshwork  varies  with  the  locality  from  which  the  specimen 

tiiken.     Under  the  microseope  it  is  found  to  be  made  up  of  fine  white 

'fibresi  which  interhice  in  a  most  irregular  manner,  together  witli  a  vari- 

abk*  unmber  of  clastic  fibres.     On  the  adtlitiou  tif  acetic  acid,  the  white 

fibres  swell  i%\\,  an*!  become  gelatinous  in  aijpearunee;  hut  as  Ihc  elastic 

^^bres  resist  the  action  uf  the  acid,  they  msiy  still  be  seen  arranged  in 

^m. ; 
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various  directions,  soniu times  appearing  to  pass  in  a  more  or  less  cirvn- 
l;ir  or  sptnil  nuiinier  rijiaul  it  8inall  gelatinous  masa  of  uliangotl  white 
fibres.  The  cells  of  the  tigsue  are  Dot  arranged  in  a  very  regular  mau- 
Tier,  as  they  are  contained  in  the  spaces  (areolse)  between  the  fibres. 
Thty  commnnieate,  however,  with  one  another  by  branched  processes, 
anti  also  with  the  cells  forming  the  walls  of  the  capillary  blood* veiiseU 
in  their  neighborhood.  The  fibres  are  connected  together  with  a  certain 
amount  of  albuminous  cement  substance. 

B.—tSpcci(d  Forms  (ft,)  Gelatinous  Tissue. 

Distrihuiion. — (lelaLinons  conneciive  tissue  forms  the  chief  pari  of 
tile  bodies  of  jelly-fish  j  it  is  found  in  many  parts  of  the  human  embryo, 


?^^. 


Fig.  45. 


. imt- 


Fig.  4(5. 
,  Coiinective^llssiie  corptudet; 


Tlx.  45,— TiMsiie  of  tlie  Jfolly  or  Whurtijii  fn^iri  uiiibilJcoJ  ooi\1. 
fc»  ffljKHcnill  of  fontKH'tive  tisstio:  c,  lAiA^viieuy  formative  cells,    f  Fn»y.  \ 

FljBr.  4*i-Part  ♦sf  a  *fcllufi  of  a  lyiii|ilialiu  \dtin\\,  fnuii  whk-h  \\m  i-orpuRcles  have  lieeo  for  tlio 
moHt  p*rt  rennjved,  ^h<>w  i  ng^  t  he  adeii  oul  re  Lieu  I  u  iii .     ( K  le  im  utid  K  <  A  A  e  Sni  Mh) 

but  remains  in  the  adult  only  in  the  vitreous  hnmor  of  thoeye.  It  may 
be  best  seen  lu  the  bist-named  situation,  in  the  **  Wharton  ian  jelly  "of 
the  umbilical  cordj  and  in  tlie  enamel  organ  of  developing  teeth. 

Strue(ure.—li  consists  of  cells,  which  in  the  vitreous  humor  are 
rounded,  and  in  the  jelly  of  llie  enamel  organ  are  stellate,  imbedded  in 
a  soft  jelly-like  inter-cellular  substauce  which  forme  the  bulk  of  the 
tissue,  and  which  contains  a  considerable  rjuantity  of  mucin.  In  the 
umbilical  cord,  that  pnrt  of  the  jelly  immediately  surrounding  the  stel- 
late cells  shows  marks  of  obscure  tibrillation  (fig.  45). 

{b.)  Adenoid,  this  is  also  called  relifonfif  h/mphoid  or  !f/mphafic  tissoa 
Di^ln'fjfffiftft. — This  variety  of  tissue  makes  up  the  stroma  of  the  spleen 
and  lymphatic  glands,  and  is  found  also  in  the  thymus,  in  the  tonsils, 
in  the  follicular  glands  of  the  tongue,  in  Peyer's  patches, and  in  the  sol- 
itary glands  of  the  intestines,  and  in  the  mucous  membranes  generally. 


I 
1 

I 


rally.  M 


it' 


THE   STRrCTFRE   OF   THE    ELEMENTARY   TISSUES*  45 

St rurfurf\>— Adenoid  or  retiform  tissue  consisfci!!  of  n  very  delicate 
network  of  niiimti'  Hbrils,  fornu'il  origiujiUy  by  the  inuoo  at  i»roce8see 
of  branciied  coiiiiective-tissne  corpnsdes,  the  niielei  of  which,  however, 
are  visible  only  during  the  early  periods  of  development  of  the  tissue 
(«g.  46). 

The  nndei  found  on  the  fibrillar  meshwork  do  not  form  an  essential 
part  of  it.  The  fibrils  uro  neither  white  iibres  nor  tOustic  tissue,  ns  th(»y 
are  insoluble  in  boiling  water,  although  rearlily  soluhU!  iu  hot  alkaline 
hittons.  The  lymphoid  corpusoles  found  in  the  interstices  of  the  tis- 
vue  are  small  round  cells  the  protoplasm  of  which  is  practically  occupied 
by  their  Bpherical  nuclei. 

Development  of  Fibrous  Tissues.— In  the  embryo  the  place  of 
ho  fibrous  tinsues  is  at  first  occiijiicd  by  a  mass  of  roundish  cells,  de- 
rived from  the  **  niesublast/' 


llOD  of  submiicoiw  tissue  of  jirnvid  iii^^nis  of  mw.    n.  BrAodiwl  cHla,  more  cw  \em 
8{>iDdlt>  chapel  1 ;  b,  biunlles of  iMjnnecilVf  tissue.    <  Klein. > 

These  develop  either  into  a  network  of  branched  cells  or  into  groups 
*of  fusiform  cells  (tig.  47), 

The  celk  are  in(l>cdiled  in  a  fiemi-fliiid  albnminons  snb&tance  derived 
either  from  the  cells  themselves  or  from  the  neifrhboring  blood-vessels; 
this  afterward  forms  the  cement  substfince.     In  it  fibres  are  developed, 
either  by  some  of  the  ccIIh  becoming  fibrils,  the  others  reununing  as  con- 
nective-tissue corpuscles,  or  by  the  tihrils  being  iJevcloped  from  the  out- 
side layers  of  the  protoplusin  of  the  cells,  which  grow  up  again  to  their 
original  size  and  reniaiti  iin bedded  among  the  fibres.     The  process  gives 
H^so  to  fibres  arranged  in  the  one  case  in  interhicing  networks  (areolar 
^EtlBsue),  in  the  other  in  parallel  buudles  (white  fibrous  tissue).     In  the 
Hmatnre  forms  of  purely  fibrous  tissue  not  only  the  remnants  of  the  oell- 
^pmbstance,  hut  oven  the  nuclei,  may  disa]ipear.     The  embryonic  tissue, 
^ftrora  which  elastic  fibres  are  developed,  is  composed  of  fuMiform  cells, 
and  a  structureless  intercellular  sul>stance  by  the  gradual  fibriUation  of 
which  elastic  fibres  nre  formed.     The  fnsifnrui  c(*]ls  dwindle  lu  size  and 

■eventually  disappear  so  completely  that  in  mature  cdastic  tissue  hardly 
I  trace  nf  them  is  to  be  found:  meanwhile  the  elastic  fibres  steadily  in^ 
crease  in  siee* 
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Another  theory  of  the  development  of  the  connectiYe^tissue  fibrils 
supposes  that  they  arise  from  deposits  in  the  intercellular  substance  and 
not  from  the  cells  themselves;  these  deposits,  in  the  case  of  elastic  fibres, 
appearing  first  of  all  in  the  form  of  rows  of  granules,  which,  joining  to- 
gether, form  long  fibrils.  It  seems  probable  that  even  if  this  view  be 
correct,  the  cells  themselves  have  a  considerable  influence  in  the  pro- 
duction of  the  deposits  outside  them. 

Functions  of  Areolar  and  Fibrous  Tissue.— The  main  function 
of  connective  tissue  is  mechanical  rather  than  vital :  it  fulfils  the  subsid- 
iary but  important  use  of  supporting  and  connecting  the  various  tissues 
and  organs  of  the  body. 

In  gliinds  the  tnibeculse  of  connective  tissue  form  an  interstitial 
f  nimework  in  which  the  parenchyma  or  secreting  gland-tissue  is  lodged : 
in  muscles  and  nerves  the  septa  of  connective  tissue  support  the  bundles 
of  fibres  which  form  the  essential  part  of  the  structure. 

Elastic  tissue,  by  virtue  of  its  elasticity,  has  other  important  uses: 


Fljr.  48.— Ordinary  fat  cells  of  a  fat  tract  in  the  omentum  of  a  rat.    (Klein.) 

these,  again,  are  mechanical  rather  than  vital.  Thus  the  ligamentum 
nuchie  of  the  horse  or  ox  acts  very  much  as  an  India-rubber  band  in  the 
same  position  would;  being  stretched  when  the  head  is  lowered  for 
feeding  or  other  purposes  and  aiding  the  muscles  materially  afterward 
by  its  contraction,  in  raising  the  head  to  its  normal  position  and  keeping 
it  there. 

{c.)  Adipose  Tissue. 

Distribution, — In  almost  all  regions  of  the  human  body  a  larger  or 
smaller  quantity  of  adipose  or  fatty  tissue  is  present;  the  chief  excep- 
tions being  the  subcutaneous  tissue  of  the  eyelids,  penis,  and  scrotum, 
the  nymphae,  and  the  cavity  of  the  cranium.  Adipose  tissue  is  also  absent 
from  the  substance  of  many  organs,  as  the  lungs,  liver,  and  others. 

Fatty  matter,  but  not  in  the  form  of  a  distinct  tissue,  is  also  widely 
present  in  the  body,  e,g,,  m  the  liver  and  brain,  and  in  the  blood  and 
chyle. 

Adipose  tissue  is  almost  always  found  seated  in  areolar  tissue,  and 
forms  in  its  meshes  little  masses  of  unequal  size  and  irregular  shape,  to 
which  the  term  lobules  is  commonly  applied. 


THE   STRUrTlTRE   OF  TRE    ELEMENTARY   TISSUES, 


47 


^Siructitre, — Under  the  injcroacope  iidipose  tissue  is  found  to  consist 
Uially  of  little  vosicles  or  cells  which  present  dark,  shurply-defined 
edges  when  viewed  with  tnmsmitted  light:  they  are  about  j^  or  ^^  of 
an  inch  in  diameter,  each  coufiistiiig  of  a  structureless  and  colorless 
membrane  or  bag  foTiiicd  of  the  remains  of  the  original  protoplasm  of 
the  cell,  filled  with  fatty  matter,  which  is  liquid  during  life,  but  in  part 
'sididiiied  after  death  (fig.  18).  A  nucleus  is  always  present  iu  some  part 
or  other  of  the  cell-protoplasm,  bnt  in  the  ordinary  coudition  of  the  cell 
it  is  not  easily  or  always  visible  (fig.  41t). 

This  membrane  and  the  nucleus  can  generally  be  brought  into  Ticw 
by  staining  the  tissue:  it  can  he  still  more  satisfactorily  demonstrated 
byextnicting  thecoiitentsof  the  fat-eells  with  ether,  when  the  shrunken, 
r&liri veiled    membranes    remain    behind.     By  mutual  pressure,  fal-ctdls 


y^ 
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Flgr.  40.— Group  of  fat  w^lln  (r  o>  with  i»|jitbu'y  ' 


\(vy,    (Noble S'lilth,) 


tkUk 


come  to  assume  a  polyhedral  figure  (fig.  4R).     When  stained  with  oamic 

ncid  fat-cells  appeiir  black. 

The  ultimate  cells  are  held  together  by  capillary  blood-vessels  (fig, 

dO);  while  the  little  clusters  thus  formed  are  grouped  into  i^mall  masses, 

and  held  so,  in  most  cases,  by  areolar  tissue. 

The  oily  matter  contained  in  the  cells  is  composed  chiefly  of  the 
mpounds  of  fatty  acids  witli  glyceriu,  which  are  named  ohiu,  !<fefjnn, 

and  pabnitiu. 

^H  Development  of  Adipose  Tissue.^Fat  cells  are  developed  from 
^^fconneotive-tissiie  corjmscle.^:  in  the  infra-orbital  connective-tissue  cells 
^ftnay  be  found  exhibiting  every  intermediate  gradation  between  an  ordi- 
^Hilary  brafiched  connective-tissue  corpuscle  and  mature  fat-cell.  The 
^process  of  development  is  as  follows:  a  few  snuill  dro]js  of  oil  make  their 
'      ^appearance  in  the  protoplasm  and  by  tlieir  confluence  a  larger  drop  is 

prodneed  (fig.  ol):  this  grutlually  increases  in  size  at  the  expense  of  the 

original  protoplasm  of  the  cell,  which  becomes  correspondini^lv  dimiu- 

i: —— 


Ftp.  5<), — BIrtod  vpiisela  r>r  udipoH«t  t  issue.    A.  Minute  fTntteneil   Tat-lnlmle,  in  M'hich  the  ' 
only  title  r»f|jiiviw-*tilt-<l.    «,  The  tfriiiinid  !irt»»ry ;  r,  the  i>riniil  ive  win;  ft.  thf  fat  vesick-*;  of  on«»  I     _ 
of  the  lobnlo  separately  re preiifinU.Hl.     x  )tJ<>-     R-  I'tan  of  tlio  nrmt]p.n]M.*nt  uf  tJio  capillarii's  (e}t 
the  vxteriur  oC  thje  vnucles;  uions  highly  rnagrnlfied.    (Ttxld  azitl  BfmiuaDj 

Under  certain  eireuni stances  this  process  inay  be  reversed  and  fat- 
cells  may  be  changed  buck  into  connective- tissue  corpuscles. 


Fig.  61. 


FifT^  53. 


Flfz^  M.-  A  lohiile  of  deTelopfuiir  adfpofie  IIsbuo  from  an  eijrht  months'  f<Ftu».  a,  SphaHoal  Of. 
from  prps»un*,  ]Tr»lyhe<lriil  c»*llrt  with  Uirjsji*  central'  ntu'lmiH.  Hnrrotiinl*?<I  by  a  finely  iviti«.-filat«»«l  «iil> 
Htant'H  s*i;iiin3nf*  unifoinilv  with  htrmntJixylin.  f*.  Similar  oilN  with  «i»nc*>s  fpMti  \vlii«  h  ih^'  fat  kiM 
htfn  ri'iiioied  b\-  oil  of  t-kiivif^.  c%  Similar  en]  Is  Hhc>\\  i^l^?  h-iw  thn  niieJenw  witJi  liKl-'tiin^,'  iMoT^ijii|iw>tu 
hi  liM'hir?  i-reswl  t^nvard  rM^rijahery.  d.  Nucleus  of  LMjiiutheliuiu  of  I u  vesting  rapilJariwi.  ( McCarthy.) 
Ilrnwn  by  Treve^i. 

Fi^.  .W,— Rrandied  cJODeotive-tisBue  corpuscles,  developing  into  fat-i-ells.    CKJeinJ 

Vessels  and  Nerves. — A  large  number  of  blood-yessels  are  found 

in  adipose  tissue,  which  subdividi^  until  each  lobule  of  fat  contains  a 
fine  mesh  work  of  capillaries  enaheiithingeiidi  individual  fat-globule  (^g, 
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50),  Although  nerve  fibrefi  pass  through  the  tissue,  no  nerves  have  been 
deroongtrated  to  terminate  in  it. 

The  Uses  of  Adipose  Tissue.— Among  the  uses  of  adipose  tissue 
these  are  the  chief : — 

fl.  It  serves  aaa  store  of  combustible  matter  which  may  be  reabsorbed 
into  the  blood  when  occasion  requires,  and»  being  used  up  in  the  meta- 
bolism of  the  tissues,  may  help  to  preserve  the  heat  of  the  body. 

b*  That  part  of  the  fat  which  is  situate  beneath  the  skin  must,  by 

Iitfi  want  of  conducting  power,  assist  in  preventing  undue  waste  of  the 
heat  of  the  body  by  escape  from  the  surface. 
c.  As  a  packing  material*  fat  serves  very  admirably  to  fill  up  spaces, 
to  form  a  soft  and  yielding  yet  elastic  material  wherewith  to  wrap  ten- 
der and  delicate  striictTires,  or  form  a  bed  with  like  qualities  on  which 
iuch  structures  may  lie,  not  endangered  by  pressure.  As  examples  of 
ntoations  in  which  fat  serves  such  purposes  may  be  mentioned  the  palms 
of  the  hands  and  solos  of  the  feet  and  the  orbits. 

d.  In  the  long  bones  fatty  tissue,  in  tlie  form  known  as  yellow  mar- 
row, fills  the  medullary  canal,  and  supports  the  small  blood-vessels  which 
are  distributed  from  it  to  the  inner  part  of  the  substance  of  the  bone. 
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IL  Cartilage. 


O^mrul  Structure  of  Cartilage. — All  kinds  of  cartilage  are  composed 
of  ctlh  imbedded  in  a  substance  called  the  matrix:  the  apparent  differ- 
ences of  structure  met  with  in  the  various  kinds  of  cartilage  are  more 
due  to  differences  in  the  character  of  the  matrix  than  of  the  cells. 
Among  the  latter,  however,  there  is  also  considerable  diversity  of  form 
and  size. 

With  the  exception  of  the  articular  variety,  cartilage  is  invested  by  a 
thin  but  tough  firm  fibrous  membrane  called  the  jwrivhfmdrintiu  On 
the  surface  of  the  articular  cartilage  of  the  foetus,  the  perichondrium  is 
represented  by  a  film  of  e[>ithelium;  but  this  is  gradually  worn  aw*ay 
up  to  tlie  margin  of  the  articuhir  surfaces  when  by  use  the  parts  begin 
to  suffer  friction. 

Nerves  are  probably  not  supplied  to  any  variety  of  cartilage. 

Cartilage  exists  in  three  different  forms  in  the  human  body,  viz.,  1, 
H^allfte  I'ariitafjp,  2,  Vvlhiv  etfistir-rtniihtge^nHft  3,  White  Jittro-cartUage* 

1.  Hyaline  Cartilage, 

IHstritiution, — This  variety  of  curtilage  is  met  with  largely  in  the 

human    body — investing    tfie    arti*'ular    ends    of    bones,   and   forming 

he  costal  cartilages,  the  nasal  cartilages,  and  those  of  the  larynx  with  the 

exception  of  the  epiglottis  and  cornicula  laryngie,  as  well  as  those  of 

the  trachea  and  hrouf^hi. 

Structure. — Like  other  cartilages  it  is  composed  of  cells  imbedded  in 
4 
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a  matrix,  Thecell«,  which  contain  a  nucleus  with  nucleoli,  are  irreg 
in  shape,  and  generally  groupefl  together  in  patches  (fig.  53).  Thai 
patches  are  of  various  ahupea  and  sizes  aud  placed  at  unequal  distauct'sf 
apart.  They  generally  appear  flattened  near  the  free  surface  of  the  I 
mass  of  cartilage  in  which  they  are  placed  and  more  or  less  jierpendicolur  [ 
to  the  surface  in  the  more-deeply  seiited  jjortions.  I 

The  matrix  of  hyaline  wirtilage  has  a  diraly  granular  appearance  like 
that  of  ground  glass,  and  in  man  and  the  higher  animals  haa  no  appiir- 
ent  structure.  In  some  cartilages  of  the  frog,  however,  even  when  ex- 
amined in  the  fresh  state,  it  is  seen  to  be  mapped  out  into  polygonjil 
blocks  or  cell-territories,  each  contiiining  a  cell  in  the  centre,  and  repre- 
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Fig  r.:i  V\c   :a 

Fig.  &^.— Ordinary  tiyaline  cartila^'o  frtnri  traeh^a  of  a  chad    The  CArtHMe  cells  «re  loekned 
aio^lv  or  In  palm  In  a  cannile  of  hyaline  substance,    x  1^  tJlwna.    (Klein  aad  Noble  Binitlt.) 
Ftg.  M.— Fresh  cardlaice  from  the  THlua.    (A.  RoUett.) 

sen  ting  what  is  generally  called  the  capsule  of  the  cartilage  cells  (fi^. 
54).  Hyaline  cartilage  in  man  has  really  the  sjime  structure,  which  can 
be  demonatrated  by  the  use  of  certain  reagents.  It  a  piece  of  hunian 
hyaline  cartilage  be  macerated  for  a  long  time  in  diluted  acid  or  in  hot 
water  35^-45''  C.  (95^-113°  F.),  the  matrix,  which  previously  appeared 
quite  homogeneous,  is  found  to  be  resolved  into  a  number  of  concentric 
lamellse,  like  the  coats  of  an  onion,  arranged  round  each  cell  or  group 
of  cells.  It  is  thus  shown  to  consist  of  nothing  but  a  number  of  large 
systems  of  capsules  which  have  become  fused  with  one  another. 

The  cavities  in  the  matrix  in  which  the  cells  lie  are  connected  to- 
gether by  a  series  of  branching  canals,  very  mneh  resembling  those  in 
the  cornea;  through  these  cjinals  iluids  may  make  their  way  into  the 
depths  of  the  tissue. 

In  the  hyaline  cartilage  of  the  ribs  the  cells  are  mostly  larger  than 
in  the  articular  variety  and  there  is  a  tendency  to  the  development  of 
fibres  in  the  matrix  (fig.  55),     The  costal  cartilages  also  frequently  be* 
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icified  ill  old  age,  as  also  do  some  of  those  of  the  larynx.  Fat- 
may  also  be  seen  in  many  ctirtilages  (fig.  55). 

Ill  urtioular  cartiliige  the  cells  are  smaller  and  arranged  ?ertically  in 
Harrow  lines  like  strings  of  beads. 

In  the  ftjDtus  cartilage  is  the  material  of  which  the  bones  are  first 
constructed;  the  **  model"  of  each  bone  being  laid  down,  so  to  speak, 
in  this  sabstance.  In  tiuch  cases  the  cartilage  is  termed  temporanj.  It 
closely  resembles  the  ordinary  hyaline  kind;  the  colk,  however,  are  not 
grouped  together  after  the  fashion  just  described,  but  are  more  uniformly 
diBtri bated  throughout  the  matrix. 

A  variety  of  temporary  hyaline  cartilage  which  has  scarcely  any  ma- 


Wig,  IE5.~Go8t&l  cartilage  from  &n  adult  dog,  sbowloff  tho  fttt  t^lobiulcfl  in  the  cArtOagv  cellfl* 
CCmdimi,) 

Fir  M.— Vellow  eUMiUc  cMtiUige.    (CSwiiat,) 


trix  is  found  in  the  human  subject  and  in  the  higher  animals  generally, 
in  early  fcetal  life,  when  it  constitutes  the  chorda  dor  salts, 

^V?*/ri7i«w,^Hyaline  cartilage  is  reckoned  among  the  So-called  non- 
^vascular  structures,  no  blood-vessels  being  supplied  directly  to  its  own 
substance;  it  is  nourished  by  those  of  the  bone  beneath.  When  hyaline 
cartilage  is  in  thicker  masses,  as  in  the  case  of  the  cartilages  of  the  ribs, 
a  few  blood-vessels  traverse  its  substance.     The  distinction^  however, 

I  between  all  so-called  vascular  and  noiirvmcular  parts  is  at  the  beat  a 
fery  artificial  one. 
I     2.  Yellow  Elastic  Cartilage. 
\      Dislribution, — In  the  external  ear,  in  the  epiglottis  and  cornicula 
laryngis,  and  in  the  Eustachian  tube. 
Structure, — The  cells  in  this  variety  of  cartilage  are  rounded  or  oval^ 
with  well-marked  nuclei  and  nucleoli  {fig.  56).     The  matrix  in  which 
H^bey  are  seated  is  composed  almost  entirely  of  fine  elastic  fibres,  which 
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form  an  intricate  interlacement  uhout  tbe  cells,  and  in  their  general 
characters  are  allied  to  the  yellow  variety  of  fibrous  tissne:  a  small  and   _ 
Yariable  quantity  of  hyaline  intercellular  enbstance  is  also  usually  present  I 

A  variety  af  elastic  Ciirtilage,  sometimes  called  cellular^  is  found  to 
form  the  framework  of  the  external  ears  of  rats,  mice,  or  other  email 
mammals.  It  is  composed,  as  its  name  implies,  almost  entirely  of  cells 
which  are  packt^d  very  closely  with  little  or  no  matrix.  When  present 
the  matrix  coTi^iBts  of  very  fine  fibres  which  twine  about  the  cells  in 
Tarious  directions  and  inclose  them  in  a  kind  of  network.  Elastic  car- 
tilage seldom  or  never  ossifies, 

;i  White  Fibro-Cartilage. 

Distribution. — White  fibro-cartilage  is  found  to  occur: — 

1.  As  inier-articuhr  fibro-curtilage,  <f*j,,  the  semilunar  cartilages  of 
the  knee-joint. 

2.  As  cirettmferenfial  or  marginal  cartilage,  as  on  the  edges  of  the 
acetabulum  and  glenoid  cavity. 

3.  As  connecting  cartilage,  t\g.,  the  inter- vertebral  fibro-cartilagei?, 

4.  In  the  shenths  of  tendons  and  some- 
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telli*  of 
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Very  flbrotM 
mAHix, 


Fljar.  57. 


Flif^M. 


Fig,  67.-Whit*  fibro-CArtilftge.    COwllat) 

Fli.  58.— Wtiite  Eibro-cartiloge  from  ftn  Inter- vertebral  Ufcamctit.    OOeiu  And  Koble  Smith.) 

may  be  found  in  the  tendon  of  the  tibialis  posticus  in  the  sole  of  the  foot, 
and  usually  in  the  neighboring  tendon  of  the  peroneiis  longus. 

iSfruvf  nrc,^\S\\\t\3  tibro-cartjlage  (tig.  58),  which  is  much  more  widely 
distributed  throughout  the  body  than  the  foregoing  kind,  is  <.^om posed, 
like  it,  of  cells  and  a  matrix;  the  latter,  however,  being  madt-  up  almost 
entirely  of  fibres  closely  resembling  those  of  white  tibrous  tissue. 

In  this  kind  of  fibro-cartilage  it  is  not  unusual  to  find  a  great  part 
of  its  mass  composed  almost  exclusively  of  fibres,  and  deriving  the  name 


I 
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times  in  their  substance.  In  the  latter  situ- 
ation the  nodule  of  fibro-cartilage  is  called  % 
sesamoid  fibro-cartilage,  of  which  a  specimen 
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'  oirlilige  only  from  the  fiict  that  in  another  portion,  continuoas  with 
>  mriSbgd  cells  may  be  pretty  freely  distributed. 

By  prolonged  boiling,  cartilage  yields  a  substance  called  ehondrm — 
which  gelatinizes  on  cooling.  The  cells  of  white  fibro-cartilage  are  as  a 
rule  rounded  or  somewhat  tiattened  but  in  some  places  are  distinctly 
branched. 

Functions  of  Cartilage.— Cartilage  not  only  represents  in  the 
fOBtus  the  liunes  winch  iire  to  be  formed  (fcmjHfrari/  cartilage)  but  also 
offers  a  firm,  yet  more  or  less  yielding,  framework  for  certain  parts  in 
the  developed  body,  possessing  at  tlie  same  time  strength  and  elasticity. 
It  maintains  the  shape  of  tubes  as  in  the  larynx  and  trachea.  It  affords 
attachment  to  muscles  atid  ligaments;  it  binds  bones  together;  yet  allows 
a  certain  degree  of  movement,  as  between  ihe  vertebrae;  it  forms  a  firm 
framework  and  protection,  yet  without  undue  stiffness  or  weight,  as  in 
the  pinna,  larynx,  and  chest  walls;  it  deepens  joint  cavities,  as  in  the 
acetabulum,  without  unduly  restricting  the  movements  of  the  bones. 

Development  of  Cartilage.— Cartilage  is  developed  out  of  an  em- 
br}'onul  tissue,  consisting  of  cells  with  a  very  small  quiiutity  of  intercel- 
lular substance:  the  cells  multiply  by  fission  within  the  cell- capsules, 
while  the  capsule  of  the  parent  cell  becomes  gradually  fused  with  the 
surrounding  intercellular  substance.  A  repetition  of  this  process  in  the 
young  cells  causes  a  rapid  growth  of  the  cartiluge  by  the  multiplication 
of  its  cellular  elements  and  corresponding  increase  in  its  matrix.  Thus 
we  eee  that  the  matrix  of  cartibtge  is  chiefly  derived  from  the  cartilage 
oella. 

IIL  Bone. 

Chemical  Compoftiiiofh^Boue  is  composed  of  earth tf  and  animal  mat- 
ter in  the  proportion  of  about  67  per  cent  of  the  former  to  ;i3  per  cent 
of  the  latter.  The  earthy  matter  is  composed  chiefly  of  vatvitnn  phos- 
phntif^  but  besides  there  is  a  small  f|uantity  {about  11  of  the  67  per  cent) 
of  calciu  m  ea  rho  n  a  te  and  cah:  i u  in  ft  uoride,  and  m  a  gn  es  in  m  phosp  k  a  fe. 

The  animal  matter  called  voUagen  is  resolved  into  f/eJatifi  by  boiling. 

Tlie  earthy  and  animal  eonstituente  of  bone  are  so  intimately  blended 
and  incorporated  the  one  with  the  other  that  it  is  only  by  chemical 
action,  as  for  instance  by  heat  in  one  case  and  by  the  action  of  acids  in 
another,  that  they  can  be  separated.  Their  close  union  too  is  further 
shown  by  the  fact  that  when  by  acids  the  earthy  matter  is  dissolved  out, 
or  on  the  other  hand  when  the  animal  jtart  is  burnt  out,  the  shape  ol 
the  bone  is  alike  preserved. 

The  proportion  between  these  two  constituents  of  bone  vuries  in 
different  bones  in  the  same  individual  and  in  the  same  bone  at  different 
ages* 

Structure. — To  the  naked  eye  there  appear  two  kinds  of  structure 
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in  diflFerent  boneg,  and  m  different  parts  of  the  eame  bone,  namely,  the 

iirnse  or  mmpaetj  and  the  t^pongy  or  cancellous  tiaaue. 

Thns.  in  making  a  longitudinal  section  of  a  long  bone^  a£  tbe 
humerus  or  femur,  the  articular  extremities  are  found  capped  on  their 
surface  by  a  thin  shell  of  compact  bone,  while  their  interior  is  made  up 
of  the  spongy  or  canoellouB  tissue.  The  nhufi,  on  the  other  hand,  is 
formed  almost  entirely  of  a  thick  layer  of  the  compact  bone,  and  this 
surrounds  a  central  canal,  the  medullary  cavity — so  called  from  its  con- 
tiiining  the  mcdulln  or  marrow. 

In  the  flat  bones,  as  the  parietal  hone  or  the  scapula,  one  layer  of  the 
cancellous  structure  lies  between  two  layers  of  the  compact  tissue*  and 
in  the  short  and  irregul:ir  hones,  as  those  of  the  cfirpux  and  tarsus,  the 
cancellous  tissue  alone  tills  the  interior,  while  a  thin  shell  of  compact 
bone  forms  the  outside. 

Marrow* — There  are  two  distinct  varieties  of  marrow — the  red  and 
^eUon\ 
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Fllf.  50  — Oils  of  thf  ivti  fiiftrrow  of  the  giiinea-pig,  hifrhly  in&^iffleO.  a,  A  large  ceJ).  tbe  nu- 
cleus of  which  «p[»eai"8  to  I]m*  F^^rtly  fllvideil  into  tlin-e  by  conKtrit'tioaB;  b.  a  cell,  thenacleusof  whidl 
ghowR  an  apfM'aratii'^  i>r  Ileitis  eoustrlcied  into  &  number  of  RninlWr  nuclei;  c,  a  so-caUerl  lEfantcseDl 
or  rnyeloplajte.  with  miiiiy  nutioi;  ci,  a  smaller  tiiyelopUuce*,  with  three  nuclei;  e-i,  proper cdb of 
tbe  marrow.    (E.  A.  Bchlfer.:) 


I^ed  marrow  is  that  vnriety  which  occupies  the  spaces  in  the  cancel 
lous  tissue;  it  is  highly  vusculur,  and  thus  maintains  the  nutrition  of 
the  spongy  hone,  the  intersticeB  of  which  it  fills.  It  contains  a  few 
fat'Cells  and  a  large  number  of  marrow-cells,  many  of  which  are  undis- 
tinguishable  front  lymphoid  corpuscles,  and  has  for  a  basis  a  small 
amount  of  fibrous  tissue.  Among  the  cells  are  some  nucleated  celU  of 
very  much  the  same  tint  as  colored  blood-carpuscles.  There  are  also 
a  few  large  cells  with  many  nuclei*  termed  f/iafit'Cflh  or  nu/eloplajceij 
which  are  derived  from  over-growth  of  the  ordinary  marrow-cells 
(fig.  59). 

Yelhw  marrow  fills  the  medullary  cavity  of  long  bones^  and  consists 
chiefly  of  fat'-cells  with  numerous  blood -vesBels;  many  of  its  cells  also 
are  in  every  respect  similar  to  lymphoid  corpusclcB* 
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From  these  marrow-cells,  especially  those  of  the  red  marrow,  jire  de- 
lved, as  we  shall  presently  show,  large  quantities  of  red  blood-corpuscles. 

Periosteum  and  Nutrient  Blood-vessels.— The  surfaces  of  bones, 
except  the  pirt  covered  with  articular  cartilage,  are  clothed  by  a  tough, 
6brous  meiubrane,  the  imrio^teum:  and*  it  is  from  the  blood-vessels 
which  are  distributed  in  this  membrane,  that  the  bones,  especially  their 
more  compact  tissue,  are  in  greiit  part  supplied  with  nourishment,— 
minute  branches  from  the  periosteal  vessels  entering  the  little  foramina 
on  the  surface  of  the  bone,  and  finding  their  way  to  the  Haversian 
^canals  to  he  immediately  described.  The  long  bones  are  snpplied  also 
ly  a  proper  nutrient  artery  which,  entering  ait  some  part  of  the  shaft  so 
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W^    An.— TrmosTerae  ftectton  of  compftct  bony  tivsue  (of  bum**ni8>*    Ihrtv  of  tht*  Havt^rwan 

~~'i  are  seen,  «Hh  lht*ir  concentric  Hnii^:  «J.iio  the  lacyoai,  with  the  caaallcuh  exteuilliig  froQj 

io»  tlift  dtrection  of  tht?  liLmtsllfc.    Tlus  Haveraian  wperturf  k  were  flaed  with  dfihriBln  griDd- 

I  Ch6«eetloti,  and  therefore  appear  blac'k  in  th«  figure,  which  re|ire0ciiitBttieobject,aBTTewed 

nmltted  ll^ht.    The  Flaveraon  syetenis  are  ho  cTose^  packed  10  tfaJi  sectloa,  that  scarcely 

irrijal  lameUffi  ar«  rtalbli*.    x  150     c.Sharpey.) 

^^8  to  roach  the  mednlltiry  canal,  breaks  up  into  branches  for  the  supply 
^■bf  the  marrow,  from  which  again  small  veBsek  are  distributed  to  the 
^ftnterior  of  the  bone.  Other  small  blood-vessels  pierce  the  articular 
^■BJCtremities  for  the  supply  of  the  cancellous  tissue. 

^P       Mirroscopir  Slrnrfure  of  Bane, — Notwithstanding  the  ditferences  of 
arrangement  just  mentioned,  the  structure  of  all  bone  is  found  under 
^■Ihe  microscope  to  be  essentially  the  same, 

^V  Examined  with  a  rather  high  power  its  substance  is  found  to  contain 
Bik  multitude  of  small  irregular  spaces,  approximately  fusiform  in  shape, 
Bpalled  Uir.viifB,  with  very  minute  canals  or  mnaHculi,  as  they  are  termed, 
^peading  from  them,  and  anastomosing  with  similar  little  prolongations 
from  other  lacunse  (tig.  60),  In  very  thin  layers  of  bone,  no  other 
canals  than  these  may  be  visible;  but  on  making  a  transverse  section  of 
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the  compact  tissae  as  of  «  ]oug  bone,  0.^.,  the  homeras  or  uloa^  tbe 
arrangement  shown  in  fig.  60  can  be  seen. 

The  bone  seenia  mapped  out  Into  small  circular  districts,  at  or  about 
the  centre  of  each  of  which  is  a  hole,  around  which  is  an  appearance  m 
of  concentric  layers— the  iacUtMe  and  mnalicuU  following  the  same  oon- 
centric  plan  of  distribution  around  the  small  hole  in  the  centre,  with 
which  indeed  they  communicate. 

On  making  a  longitudinal  section,  the  central  boles  are  found  to  be 
simply  the  cut  extremities  of  small  canals  which  nin  lengthwise  through 
the  boncj  anastomosing  with  each  other  by  lateral  branchea  (fig.  61)| 


f' 


Ft^.  flL^Lotif^ludlnal  (iection  from  the  hiumm  ulna,  ithowlng^  HAvtfraliui  caa&l.  Ucuos,  utd 

canalicuti.    (Hott^tt.) 
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and  are  called  Ilftversian  catiafs,  after  the  name  of  the  physician,  Clopton 
lliivera,  who  first  uecimittdy  described  them. 

The  Haversian  canals,  the  average  diameter  of  which  is  -g^  of  an 
inch,  contain  blood-veesels^  and  by  meiins  of  them  blood  is  conveyed  to 
allt  even  the  denseBt  parts  of  the  bone;  the  minute  canalieuli  and  lacunsB 
absorbing  nutrient  matter  from  the  Haversian  blood-vessels  and  con- 
veying it  etill  more  intimately  to  the  very  substance  of  the  bone  which 
they  traverse. 

The  blood-vessels  enter  the  Haversian  canals  both  from  without,  by  ■ 
traversing  the  small  holes  which  exist  on  the  surface  of  all  bones  be- 
neatli  the  periosteum,  and   from  within  by  means  of  small   channela 
which  extend  from  the  medullary  cavity,  or  from  the  cancellous  tissue*  ■ 
The  arteries  and  veins  usually  occupy  separate  canals,  and  the  veins,  ' 
which  are  the  larger,  often  present,  at  irregular  intervals,  small  poueb 
like  dilatations. 
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The  lacunae  are  occupied  by  branched  cells,  which  are  called  bone- 
t,  or  ftone-earpuscleis  (fig,  63),  which  very  closely  resemble  the  ordi- 
braiiched  coooective*tissue  corpoacles;  each  of  these  little  masses 
»f  protoplasm  minieterii^g  to  the  nutrition  of  the  bone  immediately  sur- 
Irouriding  it,  and  one  hictmar  curpuscle  commuiiicuting  with  another, 
and  with  its  surrounding  district,  and  with  the  blood-vessels  of  the 
Haversian  canals,  tt)*  means  of  the  mintite  streams  of  fluent  nutrient 
matter  which  occupy  the  canaliculi. 

It  will  be  seen  from  the  above  description  that  bone  is  eBsentially 
^^oonnective-tiaaue  impregnated  with  lime  salts:  it  l>ears  a  very  close  re- 
^1  ,,  Bembiance  to  what  may  be  termed 


typical  connective-tissue  such  as 
the  substance  of  the  cornea.  The 
bone-corpuscles    with    their    pro- 
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Fig.ffie. 


Ff«.e8. 


Fig.  (B.— Bone-eor|)ti»e1<»wlth  their  I 
Tig,  ea.— Tliln  Itkyi-T  jit>fh^\  off  frotti  &  sof ceOBd  boii< 
tilt)  reUctilAr  Htnictun*  of  a  lAinvlla. 


iisuAt  from  the  eye.    x  4»K    (I 


in  a  thin  M>etiDD  of  liutiitui  Iwne.  I  RoU«tt.  i 
This  flgiirf^,  Hrhich  b  intt'Dded  It*  repreaent 
■    '     obji         ■        ■  ^ '        '       '  - 


jriveB  A  betl«r  ideii  of  tb<?  objtfict  wImsu  lield  mtlier  further  off 
SharpeyO 


cesses  occupying  the  lacunaa  and  canaliculi  correspond  exactly  to  the 
cornea-corpuscles  lying  in  branched  spaces. 

Lamella  of  Compact  Bone.— In  the  shaft  of  a  long  bone  three 
distinct  seta  of  himellge  can  be  clearly  recognized, 

(1.)  Gent^ral  or  fundamental  lamella?  :  which  are  most  easily  tmcea- 
ble  just  beneath  the  periosteum,  and  around  tlie  medullary  cavity,  form- 
ig  around  tlie  latter  a  series  of  concentric  rings.  At  a  little  distance 
from  the  medullary  and  periosteal  surfaces  (in  the  deeper  portions  of 
the  bone)  they  are  more  or  less  interninted  by 

»{2,)  Speriai  or  Haversian  lamellae,  which  are  uoocentrically  arranged 
round  the  Haversian  canals  to  the  u umber  of  six  to  eighteen  around 
Bch. 
(:i)  Itift'rsfitial  lamellte,    which   connect  the   system  of  Haversian 
-Jamella?,  filling  the  spaces  between  them,  and  consequently  attaining 
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thoir  greateet  development  where  the  Hayerstan  systems  are  few,  and 

virf  versfL 

The  ultimate  Btnicture  of  the  himellae  appears  to  be  reticular*  If  a 
thin  film  be  peeled  off  the  enrface  of  a  bone,  from  which  the  earthy  ■ 
matter  has  been  removed  by  acid,  and  examined  with  a  high  power  of  ^ 
the  microscope,  it  will  be  found  composed  of  a  finely  reticular  etrac- 
tnre,  formed  apparently  of  very  slender  fibres  decussating  obliquely,  but 
fioiilescing  at  the  points  of  intersection,  as  if  here  the  fibres  were  fused 
rather  than  woven  together  (fig.  63). 

In  many  places  these  reticular  lamellflp  are  perforated  by  tapering 
fibres  called  the  Clnmculi  of  Gagliardi,  or  the  perforating  fibres  jd/I 
Shurptij,  reeembling  in  character  the  ordinary  white  or  rarely  the  elastic 
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Fig,  64. — LtmeUip'  torn  off  from  a  decalciiled  hunuui  parietal  bone  «t  some  deptli  from  the 
fiice.    d,  a,  Lamells,  showing  reticular  flbr^;  b,  b,  clju-ker  part,  where  aevenJ  Iftnwllip  an 
posed:  c* perforating  Ilbrc«.    Apei-tur^  throui^h  whkh  fterforating  fibree had  pasted,  are i 
pecialv  in  the  lower  part,  n,  <i,  of  die  fl^une,    (Alton  Thomacm.^ 


ly  be  V 
\im0    ■ 


fibrous  tissue,  which  holt  the  neighboring  lamellae  together,  and  may 
druwn  out  when  the  latter  are  torn  asunder  (fig.  64).     These  perforating 
fibres  originate  from  ingrowing  processes  of  the  periosteum,  and  in  the 
adult  still  retain  their  connection  with  it. 

Development  of  Bone.— From  the  point  of  view  of  their  develop- 
menty  all  bones  may  be  subdivided  into  two  classes. 

(ff.)  Those  which  are  ossified  directly  or  from  the  first  in  membrane 
or  fibrous  tissue,  ejf,^  the  bones  forming  the  vault  of  the  skull^  parietal, 
frontal,  and  a  certain  portion  of  the  occipital  bones. 

{L)  Those  whose  form,  previous  to  ossification,  is  laid  down  in  hyih 
line  earii!aiji\  ejj.,  Iiumerue.  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied  in 
bones  which  are  not  preceded  by  c^irtilage,  i.e.,  membrane-fortmd  (e.j., 
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ietal)  :  and  without  a  knowledge  of  this  process  (ossification  in  mnn- 

ne),  it  is  impossible  to  luiderstatid  the  much  more  complex  series  of 
changes  through  which  such  a  structure  as  the  cartilaginous  femnr  of 
the  fa*tu8  ptisses  in  its  tniufiformatioii  into  the  bony  femur  of  the  adult 
(ossification  in  atrlilatjf*). 

Ossification  in  Membrane. — ^The  membrane,  afterward  forming 
the  periosteum*  from  which  such  a  bone  as  the  i>arieta.l  is  developed, 
consists  of  two  layers — ^an  external  A7>ro«.v,  und  an  internal  Ci-Uular  or 
osito-geneiic. 

The  external  layer  is  made  up  of  ordinary  connective-tissue,  being 
composed  of  layers  of  fibrous  tissue  with  bmuched  connective-tissue 
oorpusoles  here  and  there  between  the  bundles  of  fibres.  The  internal 
layer  consists  of  a  network  of  fine  fibrils  with  a  large  number  of  nucle- 
ated cells  with  a  certain  addition  of  albuminous  ground  or  cement  sub- 
stance between  tlie  fibrous  bundles,  some  of  which  are  oval,  others 
drawn  out  ir»to  long  branched  processes :  it  is  more  richly  supplied 
with  capillaries  than  the  outer  layer.  The  relatively  large  number  of 
its  celluhir  elements,  which  vary  in  size  and  shape,  together  with  the 
abundance  of  its  blood-vessels,  clearly  mark  it  out  as  the  portion  of  the 
periosteum  which  is  immediately  concerned  in  the  formation  of  bone. 

In  such  a  bone  as  the  parietal,  wliich  is  represented  tlien  when  ossi- 
fication commences  by  the  species  of  fibrous  connective  tissue  with  many 
cells  above  indicated,  the  deposition  of  bony  matter,  which  is  preceded 
by  increased  vascularity,  takes  place  in  radiating  sj>icuhe,  starting  from 
a  centre  of  th^sifiarfitnt,  and  shooting  out  in  all  ^lirections  toward  the 
periphery.  These  primary  bony  spicule  consist  of  the  fibres  of  the  tis- 
8ue  which  are  termed  (h^kofj^nefie fibrt*^^^  composed  of  a  soft  tmnaparent 
substance  called  osteogen,  in  which  calcareous  granules  are  deposited- 
The  fibres  are  said  to  exhibit  in  their  prcc4ilcitied  state  indications  of  a 
fibrillar  structure,  and  iire  likeneil  to  bundles  of  white  fibrous  tissue,  to 
which  they  are  similar  in  chemical  composition,  but  from  which  they 
differ  in  being  stiffer  ant)  less  wavy.  The  deposited  granules  after  a 
time  become  so  numerous  as  to  fill  up  the  substsiuce  of  the  fibres  and 
bony  epiculse  result  Calcareous  granules  are  deposited  also  in  the  in- 
terfibrtllar  matrix.  By  the  junction  of  the  osteogenetic  fibres  and  their 
resulting  bony  spiculse  a  meshwork  of  bone  is  formed.  The  osteo- 
genetic fibres,  which  become  indistinct  as  calcifituttion  proceeds,  are 
believed  to  persist  in  the  lamellae  of  adult  bone.  The  osteoblasts,  being 
in  part  retaint^d  within  the  btuie  trabecular  thus  produced,  form  bone 
corpuscles.  On  the  bony  trabeculas  first  formed,  layers  of  osteoblastic 
cells  from  the  osteo-genetic  layer  of  the  periosteum  are  developed  side  by 
side,  lining  the  irregular  spaces  like  an  epithelium  (fig.  65,  b).  Lime- 
salts  are  deposited  in  the  circumferential  part  of  each  osteoblast,  and 
L^itis  a  ring  of  osteoblasts  gives  rise  to  a  ring  of  bone  with  the  remaining 
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uncalcified  portions  of  the  osteoblasts  imbedded  in  it  as  bone  corpuscle^l 
118  in  the  first  formation;  then  the  eentnd  portion  of  the  bony  plattj 
beoomee  harder  and  less  cancellous.  At  the  same  time,  the  plate  ia^ 
creases  at  the  periphery  not  ouly  by  the  extension  of  the  bony  spiculM 
but  also  by  deposits  taking  place  from  the  oeteogenetic  layer  of  ihtl 
periosteum. 

The  primitive  spongy  bone  is  formed,  and  its  irregular  branebii 
spaces  are  occupied  by  processes  from  the  osteogeuetic  layer  of  the  peri-l 
ostenm  consisting  of  numerous  blood-vessels  aod  osteoblaets*  Portioiw 
of  this  primitiTe  spongy  bone  are  re-absorbed.  The  oeteablastg  am , 
arranged  in  concentric  sueeessiTe  layers  and  give  rise  to  concentrtt 
Haversian  lamelkv  of  bone,  while  the  irregular  space  in  the  centra  ii 
reduced  to  a  well-formed  Haversian  canal,  containing  the  usual  blood- 
vessels*  the  portions  of  the  primitive  spongy  bone  between  the  Uaversiaji 


.^ 


y 


Fig,  66.— Osteoblasts  from  the  panetnJ  tH>iie  of  a  liuniaji  embrio.  thirteen  week*  old, 
►_„.=.u*i., .1^    ,..._, .    .  *      ....      c,  ih-elMttT  In  traiuMtion  to  r 


septa  with  thecelb  uf  the  laomo:';  'h,  layem  of  oeteoblMte: 
puscles.    HJ^Iy  iiumniifl«d.    (Oe^pbetir) 


systems  remaining  as  iiiterstUia!  or  ground-lamellse  (p.  57).  The  bulk 
of  the  primitive  spongy  bone  is  thus  gmdually  converted  into  compact 
bony-tissue  of  Haversian  systems.  Those  portions  of  the  ingrowths 
from  the  deeper  layer  of  the  periosteiani  which  are  not  converted  int« 
bone  remain  in  the  spaces  of  the  cancellous  tissue  as  the  red  marrow. 

Ossification  in  Cartilage. — Under  this  heading,  taking  the  femar 
as  a  tyjKical  example,  we  may  consider  the  process  by  which  the  solid 
cartilaginous  rod  which  represents  the  bone  in  the  feetus  is  converted 
into  the  hollow  cylinder  of  compact  bone  with  expanded  ends  formed 
of  cancellous  tissue  of  which  tlie  adult  femur  is  made  up.  We  must 
bear  in  niind  the  fact  that  this  fmtal  cartilaginous  femur  is  many  timet 
smaller  than  the  medullary  cavity  even  of  the  shaft  of  the  mature  bone. 
and,  tliprefore,  that  not  a  trace  of  the  origiiial  cartilage  can  be  present 
in  the  femur  of  the  adult.  Its  ])urpose  is  indeed  |>urely  temporary;  and, 
after  its  calcification,  it  is  gradually  and  entirely  absorbed  as  will  be 
presently  explained. 
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The  cartilaginous  rod  which  forms  the  fo?Ul  femur  is  sheathed  in  a 
aembrane  termed  the  jfenchandrium^  which  eo  far  resembles  tlie  peri- 
osteum described  above,  as  to  consist  ol  two  hivers,  in  the  deeper  one  of 
which  spheroidiil  cells  predominate  and  blood- vessels  iiboimd,  while  the 
outer  layer  consists  mainly  of  iiisiform  cells  which  iire  in  the  m.iturc 
tissue  gradually  tninsformed  into  fibres.  Thus,  the  dilferences  between 
tie  foBtal  penchondrium  and  the  periodlenm  of  the  ad  tilt  nre  such  as 

Ufiually  exist  betwee!!  the  embry- 
onic 3ind  mature  forms  of  connec- 
tive tissue. 

Between  the  hyaline  cartilage 
of  which  the  foetal  femur  consists 
and  the  bony  tissue  forming  the 
adolt  femur,  there  are  frro  rkiff 
inienmdiak    stages  —  viz.    (1 )    of 


e 


^    ^^^ 


3    »r^^'^ 


"    ^.  ^"-s      ^ 


S  ^ 


3      '^^    ^     «S     <^ 


«;:^ 


;:^'!U^ 


1^ 


4ml  ^r*^- 


Fiif.  «7. 


FUr.  M  ~0»]fir|iifr  eartflAgA  Abuwin^  loopfi  of  hlcKM3-vc8«et6. 


Ftg.  C7.^lj[mgitiadixM}  flection  of  oflsLfyiDg  cartilage  from  the  liumerusof  n  f^i^tAl  elieep,  C4fcl- 
cUled  ti^kbecule  are  neem  ezteDdUig  between  rbe  ixiiumna  of  cartilime  c«ll«.  l%  CartiUge  c«ll«. 
X]«K    (Sbarpey.) 

calcified  cartilagCi  and  (2)  of  embryonic  spongy  bone.    These  ma- 
terials^ which  successively  occupy  the  place  of  the  fcotal  cartilage,  are 
in  succession  entirely  absorbed,  and  their  place  is  taken  by  true  bone. 
^^      The  process  by    which   the  C4irti1agiuou8  is  transformed    into    the 
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bony  femtir  may  however  be  diTided  for  the  sake  of  clearness  into  the 
lollowiug  six  stages: — 

Stage  1,— Vascularization  of  the  Cartilag^c— Prooetises  from  the 
oeteogeDetie  or  celhilur  layer  of  the  perichoDdrium  containing  blood- 
feweU  grow  into  the  substunce  of  the  cartilage  much  as  ivy  ineinaatea 
itself  into  the  cracks  and  ereviceB  of  a  wall.  This  begins  at  the  **  cen- 
tres of  ossification/'  from  which  the  blood-vessels  spread  chiefly  up  and 
down  the  shaft,  etc.     Thus  the  substsincc  of  the  cartilage^  which  previ- 


.t^^^VM* 


File.  fti^—TnuisverBe  section  of  aporUoti  of  u  tnetacarpal  botie  ot  %  fiBtus,  shOfHo^— I,  flbroui 
Iftyer  of  [MfrtoNteym  ;  S.  osieo^getiPtlc layer  of  dllW  :  8>  tuerfoat^ial  Ik»d«  ;  4^  oartilase^  wltli  amOtt  • 
mdijully  betxiiuiELg  cttlcifled,  as  at  5,  with  oelb  in  pHtiiAry  ar^lie;  beyotMl  5  UMCMoUied  OHUiti  !•  i 
beinjr  **utirfly  replaced  by  «poii|ry  bone,     x  WQ^    CV-  U  Harria.  i 


ously  conlained  no  vessels,  is  tm versed  by  a  number  of  branched  anas- 
tomosing channels  formed  by  the  enlargement  and  coalescence  of  the 
spaces  in  which  the  eartilage-eells  lie,  and  containing  loops  of  blood- 
vessels {^g*  66)  and  spheroidal  cells  which  will  become  osteoblasts. 

Stage  2. — Calciftcatioo  of  Cartilaginous  Matrix.— Lime  salts  are 
next  deposited  in  the  form  of  fine  gnuuiles  in  the  hyaline  matrix  of  the 
cartihige,  not  yet  vasciiliirized,  and  tliis  gradually  becomes  tnmsformed 
into  a  number  of  calcified  trabecular  (fig.  68,  5),  inelosing  alveolar  spaces, 
which  are  the  primarg  arevhe,  and  which  contain  cartilage  cells.     By 
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the  absorption  of  8ome  (»f  the  tmbecultU  larger  spaces  are  developed. 
which  contain  cartilage-cells  for  a  very  short  time  only.,  their  places  being 
taken  by  the  so-called  osteogenetic  layer  of  the  periehundrHim  (before 
referred  to  in  Stage  1)  whicli  constitutes  the  primary  marrow.  The 
c;*rtiiage-celJ8,  gradually  ©ulargiiig,  become  more  transparent  and  lifially 
undergo  disintegration. 

Stfff^f*  3.— Substitution  of  Embryonic  Spongy  Bone  for  Carti- 
lage.^ — The  ceils  of  the  primary  marrow  arrange  themselves  jia  a  contin- 
uous layer  like  epithelium  on  the  calcified  trabeculae  and  deposit  a  layer 
of  bone*  and  ensheatli  them:  the  calcified  tnibeculte,  encased  in  the 
sheaths  of  young  bone,  become  grmluully  absorbed,  so  that  finally  we 
have  trabecula*  composed  entirely  of  spongy  bone,  all  trace  of  the  orig- 


m 


iz:i^ 


Fig.  «».— A  iHiAll  lsnLAt«^  mas  of  \mtm  next  the  periaat«ijis  of  Uie  lower  Jaw  of  humftii 

CUB     a,  Orteogenetlc  layer  of  peric«t«mn.    g,  mtiltintjclear  giitat  c**lb,  the  ooe  on  the  left  nctmjf 

kkert  probably  like  an  osteoclast.    Alwiv*»  c,  the  o«t«*tibl»tsrM  &r«  !«_»tfn  u*  tieconir'  9iifT0YiD(}*<Hl  by  an 
(jMiiiiiii  miitrlT     (Klt^hi  aod  No^>le  Stuith.  > 


inal  calcified  cartilage  haviug  disappeared.  It  h  probable  that  the  large 
multinucleated  giant-cella  termed  osfeochsts^  by  Kulliker.  which  are  de- 
rived from  the  osteoblasts  by  the  innltiplicatinn  of  their  nuclei,  are  the 
agents  by  which  the  absorption  of  calcified  cartilage,  and  subsecjucntly 
of  embryonic  spongy  bone,  is  carried  on  (fig.  i)9,  g).  At  any  rate,  they 
are  almost  always  found  wherever  absorjjtion  is  in  progress. 

Stages  2  and  3  are  precisely  similar  to  what  goes  on  in  the  growing 
shaft  of  a  bone  which  is  increasing  in  length  by  the  advance  of  the 
process  of  ossification  into  the  intermediary  cartilage  between  the  dia- 
physis  and  epiphysis*  In  this  case  the  cartilage-cells  l>ecoriie  flattened 
and,  multiplying  by  divisioiu  are  grouped  into  regular  columns  at  right 
angles  to  the  plane  of  calcification,  while  tlic  process  of  calcification 
extends  into  the  hyaline  matrix  betweeu  them  (figs.  07  and  US). 


sidf,  I 


Fie- «0. — TnuiirTerBe  eectioti  throuiarh  the  tibia  Df  a  fu'tul  kittea,  semt-dui^iframiuatlc.    y  K, 


,  represrtiied  imi  pear-«h«ped  black  dote  •>□  tli<^  lii 
osteal  bone  deposited  la  suocroilra  layera  ben€«r.h  ibe  ijeriostt-iim  an<5  enaheatlitn^  E 


O,  OstAQ^oetlc  layer  of  rhe  perioBtrum  «h»miii^  the  osteoblasts  arraoE^l  aid«  by 


*  fiurfacf  of  tliriiewly-fonneii  bcmt* 


3.  Theperv 

tmbc%*uJiicf  or  endoctKmdnl 


endochondral  doim?:  represented  as  more  deeply  KhndetL    Within  Uw 

spongy  bofie  arw  seen  the  remains  of  the  calciftfNl  c/irliUwff'  triibeculiB  represent«d  tus  dark  wary 
Ones,  C.  The  medulla,  with  V.  T,  veins.  In  the  lowor  Imlt  of  the  figure  the  endochoDdrai  spnng)- 
bone  has  heen  completely  absorbed .    ( Kiel  a  and  N <  >h\*-  Smith.) 


beneath  tlie  periosteum,  ue,,  at  the  circumference  of  the  shaft,  exactly  Jis 
deflcribed  in  the  section  on  ossification  in  membrane,  and  thus  a  casing 
of  periosteal  bone  is  formed  around  the  embryonic  endochondral  sjiongj 
bone:  this  c^ising  is  thickest  at  the  centre,  where  it  is  first  formed,  and 
thins  out  toward  eacli  end  of  the  shaft,     TJie  embryonic  spongy  bone  is 


I 


THE   8TRUCTUBR   OP  THE   ELEMENTARY   TISSUES. 

absorbed,  its  trabeculi^  becoming  grsidimlly  thinned  uiid  ita  niesbes  en- 
lurging,  Mud  iiniiUy  coaieficing  into  out*  great  cavity — the  meduUsiry 
CJkvity  of  the  ghalt. 

iStnfje  5.— Absorption  of  the  Inner  Layers  of  the  Periosteal 
Bone,— Tlu»  absurptiou  of  the  endochondral  gjjojigy  hone  is  now  com- 
plete, and  ilio  medullary  cavity  is  bounded  by  periostea!  hone:  the  inner 
layers  of  thin  poriostt^al  Ijune  are  next  absorbed,  and  the  medullary  cavity 
U  thereby  enlurgedj  while  tlie  deposition  of  bone  heoeath  tho  periosteum 


^- 


;K 
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Tix.  Ti.—Tr&nwdTm  aectton  of  fi^mur  of  a  human  embryo  nbout  eleven  wedn  old.  a,  Riidimen- 
larr  HavtTHian  caual  in  croiia^eetloti ;  6.  in  lon^tydiuiil  iiwtlon;  f,  OflteoblAfltut  d,  ni*wiy  formed 
u««<»tM  sulMtanc«  of  a  Ugbt^tr  color;  Vt  Ibat  of  greater  o^e;  /,  LaciintD  wltb  Ibelr  ceJln;  ff,  a  osM  Kiill 
utiiied  to  an  wteoblasl,    C^'rey.) 


continues  as  before.     The  fi rat-formed    periosteal   bone  is  spongy   in 
character, 

4^^rt(7e  (j-^Formation  of  Compact  Bone. — The  transformation  of 
spongy  periosteal  bone  intoeompaet  bone  is  effected  in  a  manner  exactly 
simihir  to  that  which  has  been  described  in  connection  with  ossification 
in  membrane  (p.  GO).  The  irregularities  in  the  walls  of  the  areolte  in 
the  ffpongy  bone  are  absorbed,  while  the  osteoblasts  which  line  them  are 
developed  in  concentric  layers,  each  layer  in  turn  becoming  ogsified  till 
tho  comparjitively  large  space  in  the  centre  is  reduced  to  a  well-formed 
Haversian  canal  (fig.  71).  When  onco  formed,  bony  tissue  grows  to 
some  extent  interstitiallvi  as  is  evidenced  by  the  fact  that  the  lacun®  are 
rather  further  apart  in  full-formed  than  in  yonng  bone. 
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From  the  foregoing  description  of  the  development  of  bone,  it  will  be 
seen  that  the  common  terms  ossification  in  cartilage  and  ossification  in 
membrane  are  apt  to  mislead,  since  they  seem  to  imply  two  processes 
radically  distinct.  The  process  of  ossification,  however,  is  in  all  cases 
one  and  the  same,  all  true  bony  tissue  being  formed  from  membrane 
(perichondrium  or  periosteum);  but  in  the  development  of  such  a  bone 
as  the  femur,  which  may  be  taken  as  the  type  of  so-called  ossification  in 
cartilage,  lime-salts  are  first  of  all  deposited  in  the  cartilage;  this  calci- 
fied cartilage,  however,  is  gradually  and  entirely  re-absorbed,  being  nlti- 
mately  replaced  by  bone  formed  from  the  periosteum,  till  in  the  adult 
structure  nothing  but  true  bone  is  left.  Thus,  in  the  process  of  **  ossi- 
fication in  cartilage,"  calcification  of  the  cartilaginous  matrix  precedes 
the  real  formation  of  bone.  We  must,  therefore,  clearly  distinguish 
between  calcificatiofi  and  ossification.  The  former  is  simply  the  infil- 
tration of  an  animal  tissue  with  lime-salts,  and  is,  therefore,  a  change  of 
chemical  composition  rather  than  of  structure;  while  ossification  is  the 
formation  of  true  bone — a  tissue  more  complex  and  more  highly  organ- 
ized than  that  from  which  it  is  derived. 

Centres  of  Ossification. — In  all  bones  ossification  commences  at 
one  or  more  points,  termed  centres  of  ossification.  The  long  bones,  e.g., 
femur,  humerus,  etc.,  have  at  least  three  such  points — one  for  the  ossifi- 
cation of  the  shaft  or  diapUysis,  and  one  for  each  articular  extremity 
or  epiphysis.  Besides  these  three  primary  centres  which  are  always 
present  in  long  bones,  various  secondary  centres  may  be  superadded  for 
the  ossification  of  different  processes. 

Grov^rth  of  Bone. — Bones  increase  in  lenyth  by  the  advance  of  the 
process  of  ossification  into  the  cartilage  intermediate  between  the  dia- 
physis  and  epiphysis.  The  increase  in  length  indeed  is  due  entirely  to 
growth  at  the  two  ends  of  the  shaft.  This  is  proved  by  inserting  two 
pins  into  the  shaft  of  a  growing  bone:  after  some  time  their  distance 
apart  will  be  found  to  be  unaltered  though  the  bone  has  gradually  in- 
creased in  length,  the  growth  having  taken  place  beyond  and  not  be 
tween  them.  If  now  one  pin  be  placed  in  the  shaft,  and  the  other  in 
the  epiphysis  of  a  growing  bone,  their  distance  apart  will  increase  as  the 
bone  grows  in  length. 

Thus  it  is  that  if  the  epiphyses  with  the  intermediate  cartilage  be 
removed  from  a  young  bone,  growth  in  length  is  no  longer  possible; 
while  the  natural  termination  of  growth  of  a  bone  in  length  takes  place 
when  the  epiphyses  become  united  in  bony  continuity  with  the  shaft 

Increase  in  thickness  in  the  shaft  of  a  long  bone  occurs  by  the  depo- 
sition of  successive  layers  beneath  the  periosteum. 

If  a  thin  metal  plate  be  inserted  beneath  the  periosteum  of  a  grow- 
ing bone  it  will  soon  be  covered  by  osseous  deposit,  but  if  it  be  pat  be- 


THE   STBUCrrRF,   OF   THE   F.LEMKXTART   TISSrES. 


«7 


I 


tween  the  fibrous  iuid  nr^teogenetic  layers  it  will  never  become  enveloped 
bone,  for  M  the  bone  is  formed  beneath  the  latter. 
Other  varieties  of  ooniiective  tksue  mny  become  ossified,  e^g*,  the 
ndona  in  some  birds. 

Functions  of  Bones. — Bones  form  the  frumework  of  the  body;  for 
hii*  they  are  fitted  by  their  hardness  afid  solidity  together  with  their 
com  punitive  lightness;  they  serve  both  to  protei-t  internal  organs  in  the 
trank  iknd  skull,  and  as  levers  worked  by  niiifiules  in  the  limbs;  not* 
withstanding  their  hardness  they  possess  a  considerable  degi^ee  of  ehis- 
ticitv,  which  often  sav^  them  from  fnicture. 


^  IT 


The  material  of  wlitrh  the  chief  portion  of  the  teeth  is  made  np, 

called  Dentine,  is  frequently  chissed  with  bone  aud  as  one  of  the  con- 

ective  tissues.     The  other  constituents  of  the  teeth  also  resemble  bone 

in  stmcture  to  a  considenible  degree;  it  will  be  as  well  therefore  to  give 

in  this  place  some  account  of  the  ieeih. 


^^  in  tu 

^M       During  the  course  of  his  life,  man,  in  common  with  most  other 
^ mammals,  is  provided  with  two  sets  of  teeth;  the  first  set,  called  the 


The  Teeth. 


®!(teM^lBi;i 


''■^aSIiVMf 


Fig.  rs.-  Kormftl  well -formed  jaws,  from  which  the  alvpnlar  plate  has  b*»en  in  great  pai 
ao  aA  to  expose  tlii^  deviuuping  [iertiuui«ej]t  teeth  in  tbelr  cryptJt  in  the  jaws.     CToi 


rt  ripmoTed. 
omeit.) 


^nporarf/  or  inilk  teeth,  makes  its  appearanre  in  infancy,  and  is  in  the 
urso  of  ft  few  years  shed  and  replaced  by  the  second  fjn  permanent  set. 
The  temporary  or  milk  teeth  have  only  a  very  limited  term  of 
existence. 

They  are  ten  in  number  in  eaeh  jaw,  namely,  on  either  side  from  the 
middle  line  two  incuoTH,  one  catiine,  and  two  deciduous  molars,  and  are 
replaced  by  ten  permanent  teeth.     The  number  of  permanent  teeth  in 
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each  jaw  is,  however,  increased  to  sixteen  by  the  development  of  three 
molars  on  each  side  of  the  jaw,  which  are  called  the  permanent  or  true 
molars. 

The  following  formula  shows,  at  a  glance,  the  comparative  arrange- 
ment and  number  of  the  temporary  and  permanent  teeth : — 

Temporary  Teeth. 


=20 


MiDDLB  Lom  or  Jaw* 

MOLARS. 

3 

CAKINE. 

1 

INCI8OB8. 
3 

INCISOBB. 

2 

OAHIITE. 

1 

MOUkMB. 

2=10 

2 

1 

2 

2 

1 

2=10 

Permanent  Teeth. 

Middle  Link  of  Jaw. 

BICUAPIDH 
TRUE  OR  PRE- 

MOLARS.     MOI^Rg. 

3  2 


BICUBPXIHI 

OB  PRE-  TRUE 

MOLABa.  MOLARS. 

2  3 


I 


2 


8 


From  this  formula  it  will  bo  seen  that  the  two  bicuspid  or  pre-molar 
teeth  in  the  adult  are  the  successors  of  the  two  deciduous  molars  in  the 
child.  They  differ  from  them,  however,  in  some  respects,  the  temporary 
molars  having  a  stronger  likeness  to  the  permanent  than  to  their  imme- 
diate descendants  the  so-called  bicuspids,  besides  occupying  more  space 
in  the  jaws. 

The  temporary  incisors  and  canines  differ  from  their  successors  but 
little  except  in  their  smaller  size  and  the  abrupt  manner  in  which  their 
enamel  iermiiiiites  at  the  necks  of  the  teeth,  forming  a  ridge  or  thick 
edge.     Tlieir  color  is  more  of  a  bluish-white  than  of  a  yellowish  shade. 

The  following  tables  show  the  average  times  of  eruption  of  the 
Temporary  and  Permanent  teetii.  In  both  cases  the  eruption  of  any 
given  tooth  of  tlie  lower  precedes,  as  a  rule,  that  of  the  corresponding 
tooth  of  the  upper  jaw. 


Temporary  or  Milk  Teeth. 

The  figures  indicate  in  months  the  age  at  which  each  tooth  appears. 


DEciororft 

INCltiORH.                       FIRST 
MOLARS. 

CANINES. 

DEcrorocB 

8KCX>KD 
MOlJkRS. 

0 

12 

18 

24 
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Permanent  Teeth. 

The  age  at  which  each  tooth  is  cut  is  indicated  in  this  table  in  years. 


FDKST 
MOULBS. 


BICU8PII>S  OR  PRE- 
MOLiJlB. 


10 


11 


SECOND 
MOULKB. 


12 


THIRD 
MOLARS  OR 
WISDOMS. 


17  to  25 


The  times  of  eruption  given  in  the  above  tables  are  only  approxi- 
mate: the  limits  of  Variation  being  tolerably  wide.  Some  children  may 
cut  their  first  teeth  before  the  age  of  six  months,  and  others  not  till 
nearly  the  twelfth  month.  In  nearly  all  cases  the  two  central  incisors 
of  the  lower  jaw  are  cut  first,  these  being  succeeded  after  a  short  inter- 
val by  the  four  incisors  of  the  upper  jaw;  next  follow  the  lateral  in- 
cisors of  the  lower  jaw,  and  so  on  as  indicated  in  the  table  till  the  com- 
pletion of  the  milk  dentition  at  about  the  age  of  two  years.  Certain 
diseases  affecting  the  bony  skeleton,  e.g.y  Rickets,  retard  the  eruptive 
period  considerably. 

The  milk-teeth  usually  come  through  in  batches,  each  period  of 
eruption  being  succeeded  by  one  of  quiescence  lasting  sometimes  several 
months.  The  milk-teeth  should  be  in  use  from  the  age  of  two  up  to 
within  a  few  months  of  the  time  for  their  successors  to  appear.  Their 
retention  serves  the  purpose  of  preserving  the  necessary  space  sufficient 
for  the  succeeding  permanent  teeth  to  occupy. 

It  is  important  to  notice  that  it  is  a  molar  which  is  the  first  tooth  to 
be  cut  in  the  permanent  dentition,  not  an  incisor  as  in  the  case  of  the 
temporary  set,  and  also  that  it  appears  behind  the  last  deciduous  molar 
on  each  side. 

The  third  molars,  often  called  Wisdoms,  are  sometimes  unerupted 
through  life  from  want  of  sufficient  jaw  space  and  the  presence  of  the 
other  teeth:  and  in  highly  civilized  races  there  are  evidences  to  show 
that  they  are  in  process  of  suppression  from  the  dental  series;  cases  of 
whole  families  in  which  their  absence  is  a  characteristic  feature  being 
occasionally  met  with. 

When  the  teeth  are  fully  erupted  it  will  be  observed  that  the  upper 
incisors  and  canines  project  obliquely  over  the  lower  front  teeth  and  the 
external  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those  of 
the  corresponding  teeth  in  the  lower  jaw.  This  arrangement  allows  to 
some  extent  of  a  scissor-like  action  in  dividing  and  biting  food  in  the 
case  of  incisors;  and  a  grinding  motion  in  that  of  the  bicuspids  and 
molars  when  the  side  to  side  movements  of  tlie  lowor  jaw  bring  the  ex- 
ternal cusps  of  the  lower  teeth  into  direct  articulation  with  those  of  the 
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upper,  and.  then  cause  them  to  glide  down  the  inclined  surfaces  of  the 
external  and  up  the  internal  cusps  of  these  same  upper  teeth  during 
the  act  of  mactication. 

The  work  of  the  canine  teeth  in  man  is  similar  to  that  of  his  incisors. 
Besides  heing  a  firmly  implanted  tooth  and  one  of  stronger  substance 
than  the  others,  the  canine  tooth  is  important  in  preserving  the  shape 
of  the  angle  of  the  mouth,  and  by  its  shape,  whether  pointed  or  blunt, 
long  or  short,  becomes  a  character  tooth  of  the  dentition  as  a  whole  in 
both  males  and  females. 

Another  feature  in  the  fully  developed  and  properly  articulated  set 
of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  that  each  tooth 
antagonizes  with  two,  except  the  upper  Wisdom,  usually  a  small  tooth. 
This  is  tlie  result  of  the  greater  width  of  the  upper  incisors,  which  so 
arranges  the  "  bite "  of  the  other  teeth  that  the  lower  canine  closes  in 
front  of  the  upper  one. 

Should  a  tooth  be  lost,  therefor?,  it  does  not  follow  that  its  former 
opponent  remaining  in  the  mouth  is  rendered  useless  and  thereby  liable 
to  be  removed  from  the  jaw  by  a  gradual  process  of  extrusion  commonly 
seen  in  teeth  that  have  no  work  to  perform  by  reason  of  absence  of  an- 
tagonists. 

It  is  worthy  of  note  that  from  the  age  of  four  years  to  the  shedding 
of  the  first  milk-tooth  the  child  has  no  fewer  than  forty-eight  teeth, 
twenty  milk-teeth  and  twenty-eight  (^ahnfied  germs  of  permanent  teeth 
(all  in  fact  except  the  four  wisdom  teeth,  whi(»h  show  no  signs  of  devel- 
opment until  the  third  year). 

Structure  of  a  Tooth. 

A  tooth  is  generally  described  as  i)088esaing  a  crowfi,  necky  and  root 
or  roots. 

The  crown  is  the  portion  which  projects  beyond  the  level  of  the 
gum.  The  neck  is  that  constricted  poition  just  below  the  crown  which 
is  embniced  by  the  free  edges  of  the  gum,  and  the  root  includes  all  be- 
low this. 

On  making  longitudinal  and  transverse  sections  through  its  centre 
(fig.  73,  A,  b),  a  tooth  is  found  to  be  principally  composed  of  a  hard 
material,  dentine  or  ivory,  which  is  hollowed  out  into  a  central  cavity 
which  resembles  in  general  shape  the  outline  of  the  tooth,  and  is  called 
i)\Q  pulp  cavity  from  its  containing  the  very  vascular  and  sensitive  pulp. 

The  tooth  ;w/;us  composed  of  fibrous  connective  tissue,  blood-vessels, 
nerves,  and  large  numbers  of  cells  of  varying  shapes,  <?.//.,  fusiform,  stel- 
late, and  on  the  surface  in  close  connection  with  the  dentine  a  specialized 
layer  of  cells  called  odontoblasts,  which  are  elongated  columnar-looking 
cells  with  a  large  nucleus  at  the  tapering  ends  or  those  farthest  from 
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e  denline  (the  layer  is  eometinies  meiitioner]  jis  the  memhramt  vhrris, 
oxn  the  tenacity  with  wliioh  it  clings  to  the  dentine),  all  urc  imbedded 
a  mucoid  gekitinous  matrix. 

The  blood- vesflela  and  nerves  enter  the  pnlp  through  a  smiill  opeTiiog 
lit  the  apical  extremity  of  each  root.  The  exact  terminatiuiis  of  the 
oenres  are  not  definitely  known.  They  liave  never  been  observed  to 
entar  the  dentinal  tubes,  but  they  are  probably  connected  with  the  fibrils 
in  those  tubes  through  ihe  interventioTi  of  the  odontoblasts  and  deeper 
yer  of  cella.  Ko  lymphatics  have  been  traced  to  the  pulp, 
A  layer  of  very  hard  calcareous  mutter,  the  enamfl^  caps  that  part 
of  ihe  dentine  which  projects  beyond  the  Jevel  of  thegura;  while  sheath- 


B. 


Ft^,  73. --A.  lx>iiKlOJiJtiiiil  »etc(ion  of  ahuamn  molar  tooth:  t\  cfin^ut:  r^  ilenUtic;  c,  etifuti«]:  v^ 
pulp  L'AvUy  f  ow(Mi>,     u.  TranHv»*n*»^  HW-ticin.    *riiH  It^Utrs  tiulicAtt*  tbi-  ettrtit*  tt»  in  jk» 

ing  the  portion  of  dentine  which  is  beneath  the  level  of  the  gum,  is  a 
htyer  of  true  bone»  called  the  remeitt  or  rrttsitt  pefnmn 

At  the  neck  of  ilie  tooth»  where  the  eiiuniel  und  cement  come  into 
contact,  eacli  is  reduced  to  an  exceedingly  thin  layer.  The  cement 
overlapping  the  enamel  and  being  prolan ged  over  it  on  the  surface  of 
the  eruwn  of  the  tooth  is  a  thin  nienihrauc  caUed  \i(^^mf/ffi\s'  mtrnhnuit*, 
or  the  ruikh  of  the  tooth.  The  covering  uf  enaniLd  becomes  thicker 
toward  the  crown,  and  the  cement  toward  the  lower  end  or  apex  of  the 
root. 


L — Dentim  or  ivory^ 


^P      Cfiemuml  Cmnpomtion. — Dentine  closely  resembles  bo^ie  in  chemical 
Hraomposition.     It  contains,  however,  rather  less  nnimal  matter;  the  pro- 

P^portion  in  a  hundred  parts  being  about  twenty-eight  atn'mftl  to  seventy- 
two  of  eitrthif.     The  farmer,  like  the  aniuiid  umtter  of  houc,  may  be 
gtdved  into  tfehifitt  by  boiling.     It  nlso  con  til  ins  a  trace  of  fat.     The 
irthy  matter  is  uiadt*  up  chietly  of  cahium  phosphate^  with  a  snuill  per- 


Flif.  Tft.^-SeetlQn  oTa  poiLiofiof  tliedcwiinfi  and  oemeot  frtrin  the  middle  of  the  root  of  an  Incianr 
looth.  a,  Dental  tuttiili  ramfrylfnj;  and  ttriiiinallni^.  Home  of  lli*'m  in  the  intei^lolntlAr  pfioccsi  fc  fllid 
c,  whlcli  i*(iiii€vih»t  pe»pmhlw  iwine  larutw;  d,  Iniwr  layer  of  the  een^ent  with  DumercMis  clqaBlyr' 
tuiiialicuU;  e,  mitt^r  liiytur  of  cetn*"iit; /.  laeniiif;  ^,  cannlieulf.     >;  fW).    (KOllikerj 

even  penetrate  theiTi  for  a  greater  or  less  distance  (figs.  75,  77).     Tlie^ 
matrix  in  wliich  these  tubes  He  ia  compoii^ed  of  "a  rctit'iiliim  of  fine 
fibres  of  coiiiieotive  tissue  modified  by  ciikn fixation,  nnd  where  that  pro- 


iL  pro-  J 
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cess  is  complete,  entirely  hidden  by  the  densely  deposited  lime  salts'' 
(Mummery). 

In  their  course  from  the  pulp-cavity  to  the  surface  the  minute  tubes 
form  gentle  and  nearly  parallel  curves  and  divide  and  subdivide  dicho- 
tomously,  but  without  much  lessening  of  their  calibre  until  they  are 
approaching  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary  canals, 
which  extend  into  the  dentine  between  the  tubules  and  anastomose  with 
each  other.  The  tubules  of  the  dentine,  the  average  diameter  of  which 
at  their  inner  and  larger  extremity  is  ^-^  of  an  inch,  contain  fine  pro- 
longations from  the  tooth-pulp,  which  give  the  dentine  a  certain  faint 
sensitiveness  under  ordinary  circumstances  and,  without  doubt,  have  to 
do  also  with  its  nutrition.  These  prolongations  from  the  tooth-pulp 
are  probably  processes  of  the  dentine-cells  or  odofitoMasts  which  are 
branched  cells  lining  the  pulp-cavity;  the  relation  of  these  processes  to 
the  tubules  in  which  they  lie  being  precisely  similar  to  that  of  the  pro- 
cesses of  the  bone-corpuscles  to  the  canaliculi  of  bone.  The  outer  portion 
of  the  dentine,  underlying  the  cement,  and  the  enamel  to  a  much  lesser 
degree,  forms  a  more  or  less  distinct  layer  termed  the  granular  or  in- 
terglobular layer.  It  is  characterized  by  the  presence  of  a  number  of 
irregular  minute  cell-like  cavities,  much  more  closely  packed  than  tlie 
lacunae  in  the  cement,  and  communicating  with  one  another  and  with  the 
ends  of  the  dentine-tubes  (fig.  75,  b,  c),  and  containing  cells  like  bone- 
corpuscles. 

II. — Enamel. 

Chemical  Composition. — The  enamel^  which  is  by  far  the  hardest  por- 
tion of  a  tooth,  is  composed,  chemically,  of  the  same  elements  that  enter 
into  the  composition  of  dentine  and  bone.  Its  animal  matter,  how- 
ever, amounts  only  to  about  2  or  3  per  cent.  It  contains  a  larger  pro- 
portion of  inorganic  matter  and  is  harder  than  any  other  tissue  in  the 
body. 

Structure, — Examined  under  the  microscope,  enamel  is  found  com- 
posed of  fine  hexagonal  fibres  (figs.  76;  77)  ^-^  of  an  inch  in  diameter, 
which  are  set  on  end  on  the  surface  of  the  dentine,  and  fit  into  corre- 
sponding depressions  in  the  same. 

They  radiate  in  such  a  manner  from  the  dentine  that  at  the  top  of 
the  tooth  they  are  more  or  less  vertical,  while  toward  the  sides  they  tend 
to  the  horizontal  direction.  Like  the  dentine  tubules,  they  are  not 
straight,  but  disposed  in  wavy  and  parallel  curves.  The  fibres  are 
marked  by  transverse  lines,  and  are  mostly  solid,  but  some  of  them  may 
contain  a  very  minute  canal. 

The  enamel-prisms  are  connected  together  by  a  very  minute  quantity 
of  hyaline  cement-substance.     In  the  deeper  part  of  badly  formed  en- 
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amels,  betwceD  the  piisms,  are  small  lacufim,  or  'interglobular  spaces*' 
which  have  the  processes  or  fibrils  of  the  dentine  tabes  in  connection  with 
them  (fig.  77,  c). 

A 


Fig.  76. -Enamel  fibres.    A,  Frapnenus  and  single  fibres  of  thft  jraiwvani^-strlatod 


is(>late<l  by  the  action  of  hydrochloric  acid.    B,  Surface  of  a  small  fragment  of  eaAmel, jdioiriiig  the 
hexagonal  ends  of  the  fibres  with  darker  centres,  or  not  ho  highly  calcUled.  ^      '  ^ 


xaoa 


III. — Crvsfa  Petroaa, 

Tlie  rrusid  pel  rasa,  or  cement  (^g.  75,  e,  r/),  is  composed  of  true  boiie, 
and  ill  it  are  lacunj^  (/)  and  canalieuli  {g),  which  sometimes  communi- 
cate witli  the  outer  finely  bninehed  ends  of  the  dentine  tubules,  and 
generally  with  the  interglobular  spaces.  Its  laminseareasit  were  bolted 
together  by  perforating  fibres  like  those  of  ordinary  bone  (Sharpey's 
fibres).  C'ement  differH  from  ordinary  bone  in  possessing  no  Haversiaii 
canals,  or,  if  at  all,  only  in  the  thic^kest  part.  Such  canals  are  more 
often  met  with  in  teeth  with  the  cement  hypertrophied  than  in  the 
normal  tooth. 

Development  of  the  Teeth. 

Development  of  the  Teeth, — The  first  step  in  the  development  of  the 
teeth  consists  in  a  downward  growth  (tig.  78,  A,  1)  from  the  Rete  Mal- 
pighi  or  the  deeper  layer  of  stratified  epithelium  of  the  mncous  mem- 
brane of  the  mouth,  which  first  becomes  thickened  in  the  neighborhood 
of  the  maxilhv  or  jaws  now  in  the  course  of  formation.  This  process 
passes  downward  into  a  recess  of  the  imperfectly  developed  tissue  of  the 
embryonic  jaw.  The  downward  epithelial  growth  forms  the  primary 
enamel  ort/an  or  enamel  t/erm,  and  its  position  is  indicated  by  a  slight 
groove  in  the  mucous  niembmne  of  the  jaw.  The  next  step  in  the  pro- 
cess consists  in  the  elongation  downward  of  the  enamel  groove  and  of 
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le  eiiiimel  germ  and  the  inclination  outward  of  the  deeper  part  (fig. 

H,  /''),  which  IB  now  irjclined  at  an  angle  with  the  upper  portion  or 

3k  (f)^  aod  has  become  bulbous.     After  this  there  is  an  increased  de- 

relopment  at  certain  points  corresponding  to  the  situations  of  the  future 

ilk-teeth.     The  cnstmel  germ,  or  common  enamel  geruip  as  it  may  be 

iUed,  becomes  divided  at  its  deeper  portion,  or  extended  by  further 
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Fig.: 


FU.  78 


Fi|r.  TT.— Tliiii  section  of  the  pnaiiif  I  and  a  part  of  Um?  dewtiot*.     «,  t'uUcular  pellJel<^  of  Ui*f 
nAiiiel  rNaMiiyth  !«  nteinbranet;  Ik  ^omimX  tlbrv8,  or  iKilumus  with  flssuiVH  J^etwt^n  lli«^m  and 
criK^  Htriti*;    i\   I  a  rj^er  cavities  tn  the  eiiftiriel,  cortmmnlc&tio^  with   the  ifxtremltlefi  of   SQwe  of 
Uitf  dt'ijttiial  tuijiili  ui)      ;.  .%50.    (KttlUkiT.  j 

Vii^.  7H.^Seftion  .  if  rhe.upfwr  iaw  of  a  fcBtal  «hef  |>.  A.— 1 ,  CVimmoti  eo&uiel  genu  dipping  down 
info  It)*'  mucouj*  membroH**:  if,  p;ilatJue  process  of  Jaw;  a,  rele  MalplghL  B»— Section  dniihir  to  A, 
bui  pa>cslii*r  iljrtHi»<h  oiif  of  th^  speriul  enanusl  genns  here  becoming  Eaak-ahaped ;  t\  €\  epithelium 
of    ' '>'     '   tieck:  /'.  \¥M\y  of  A})et  iai  enamd  germ.    C— A  iiit4*r«ita^e^  r.  outlit)«  of  ppttMiittn  of 


.if  eiuiiiii4  germ:  /",  enameli organ : 

'  um ent  t  ■  ^  it h :  »t,  tjon^  of  jaw ; 


:  j>.  papQIn;  *,  denta[  ^ao  forming:  f  p,  the  etianidi 
ssseU  L-iit  oimmH.    <  WAldeytfr  aiid  KnlJiker  )    CopitNi 


growth,  into  a  number  of  speciitl  enamel  germs  corresponding  to  each 
of  the  iibove-mentioTied  milk-teeth,  and  (connected  to  the  eommoii  i^erm 
by  a  narrow  neck,  Encli  tooth  ia  thiid  placed  in  its  own  special  recess  in 
the  oDibryonic  jaw  (tig.  78,  b,  f  f)* 
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As  these  changes  proceed,  there  grows  ap  from  the  underlying  tissne 
into  each  enamel  germ  (fig.  78,  c,p),  a  distinct  Tasoular  ^a/n7/a  (dental 
papilla),  and  upon  it  the  enamel  germ  becomes  moulded,  and  presents 
the  appearance  of  a  cap  of  two  layers  of  epithelium  separated  by  an  in- 
terval (fig.  78,  c,f).  While  part  of  the  sub-epithelial  tissue  is  elevated 
to  form  the  dental  papillsB,  the  part  which  bounds  the  embryonic  teeth 
forms  the  dental  sacs  (fig.  78,  c,  s);  and  the  rudiment  of  the  jaw,  at  first 
a  bony  gutter  in  which  the  teeth  germs  lie,  sends  up  processes  forming 
partitions  between  the  teeth.  In  this  way  small  chambers  are  produced 
in  which  the  dental  sacs  are  contained,  and  thus  the  sockets  of  the  teeth 
are  formed.  The  papilla,  which  is  really  part  of  the  dental  sac  (if  one 
thinks  of  this  as  the  whole  of  the  sub-epithelial  tissue  surrounding  the 
enamel  organ  and  interposed  between  the  enamel  germ  and  the  develop- 
ing bony  jaw),  is  composed  of  nucleated  cells  arranged  in  a  meshwork, 


Vig  70.->Part  of  section  of  derelopliig  tooth  of  a  vounfir  rat,  showing  the  mode  of  deposition  of 
the  dentins.  Hiichly  nuucniAed.  a,  Outer  layer  of  fully  formed  dentine;  b,  uncalcifled  mairiz  with 
one  or  two  noduleH  of  catcareous  matter  near  the  calcitted  parts:  r,  odootoblaats  sending  procesKs 
into  the  dentine:  (/,  pulp;  e,  fuHlfomi  or  wedgcMihape  cells  found  between  odontoblasts:  /.  stellate 
(•ellH  of  pulp  In  fibrous  connective  tissue.  Tlie  section  is  stained  in  oarmlDe,  which  colors  the  un- 
culcifled  matrix  but  not  Uie  calcified  part.    (E.  A.  Rch&fer.) 

tlio  outer  or  peripheml  part  being  covered  with  a  layer  of  columnar  nu- 
(^Icutod  cells  culled  odontoNafits.  Tbe  odontoblasts  possibly  form  the 
dentine,  while  the  remainder  of  the  papilla  forms  the  tooth-pulp.  The 
method  of  the  fornuition  of  the  dentine  from  the  odontoblasts  is  said  to 
be  as  follows:  The  cells  elongate  at  their  outer  part,  and  these  processes 
are  directly  converted  into  the  tubules  of  dentine  (fig.  79,  r),  and,  ac- 
cording to  some,  into  the  contained  fibrils  us  well.  The  continued  for- 
mation of  dentine  proceeds  by  the  elongation  of  the  odontoblasts,  and 
their  subsequent  conversion  by  a  process  of  calcification  into  dentine  tu- 
bules. The  most  recently  formed  tubules  are  not  immediately  Ciilcified. 
The  dentine  fibrils  contained  in  the  tubules  are  said,  by  others,  to  be 
formed  from  ])rocesses  of  the  dee})er  layer  of  odontoblasts,  which  are 
we(l*j:ed  ill  between  the  cells  of  the  superficial  layer  (fig.  79,^)  which  form 
the  tubules  only.  There  are  several  theories  upon  these  points.  The 
matrix,  accord  in  ]i^  to  more  recent  views,  is  formed  by  a  caleification  of 
the  fibrous  (Connective  tissne  developed  in  the  papilla. 

Sin(»e  the  papillie  are  to  form  the  main  portion  of  each  tooth,  i.e.,  the 
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lentine,  each  of  tliem  oaHj  takes  the  abiipe  of  the  crown  of  the  tooth 
which  it  correeponcis.  As  the  dentine  increiises  in  tbickiiuas  the 
tpillie  dimini^h^  and  at  htst  when  the  tooth  18  cut  only  a  small  amount 
'of  tlie  papilla  rcnuiiug  &&  the  dental  pulp,  and  is  supplied  by  Teggeb  and 
nerves  whicli  enter  at  the  end  of  the  root.  The  ehiipe  of  the  crown  of 
the  tooth  16  taken  by  the  coiTespondiii^  papilla,  and  that  of  the  single 
or  double  root  by  the  eiibscquent  constriction  below  tbe  crown,  or  by 
division  of  the  lower  part  of  the  papilla*  The  number  of  roots  being 
foreshadowed  by  the  number  of  arteries  going  to  the  papilla.     The  roots 


Flir  80,— Verticiil  transvfrse  Bectioo  of  tho  dvuii\\  &ic,  pulp,  etc.,  of  a  kittt-D.  a.  Dental  jm^piM 
r  t*uli*;  h.  the  c«p  of  dentitie  ft»mi»'«i  yt«^f'  tl'*^  KyimniE ;  c,  its  t^jverinff  of  t^nameh  ft,  inuer  lay<-r  of 
^itliHluJti  Kit  LhrenaiiK"!  ofKaii;  r,  ^ftutiMouH  tisKuis  /,  outer  *?pithelia]  lnytr  at  tli**  istiatuf  I  firgiui; 
i  luntT  layrr,  and  A,  outer  hiyerof  ijt-iiial  sac.    X  U.    (Thiersch  j 


lire  not  completely  formed  at  the  time  of  the  eruption  of  the  teeth,  bat 
subsequently. 

The  enamel  cap  is  found  Liter  on  to  consist  (fig.  80,  d,  <?,/)  of  three 
parts  (1)  an  inner  membrane,  com  posed  of  a  layer  of  columnar  epithe- 
lium in  contact  with  the  dentine,  called  fnamef  rf*fls,mid  outside  of  these 
one  or  more  layers  of  small  polyhedral  nucleated  cellg  {atmhnn  initt' 
medium  of  Hannover);  (2)  an  outer  membrane  of  several  layers  of  epi- 
thelium; (3)  a  middle  membrane  formed  of  a  matrix  of  non-vaseulur, 
gelatinous  tissue,  containing  stellate  cells.  The  ennniel  is  formed  by 
the  enamel  cells  of  the  inner  membrane,  by  the  elongsition  of  their  distal 
extremities,  and  the  direct  conversion  of  their  ends  nearest  the  dentine 
papilla    into    enamel.      The  calcification    of  an  euamel  cell  or  prism 
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takes  place  first  at  its  periphery,  the  centre  remaining  for  a  time  trans- 
parent. The  cells  of  the  stratum  intermedium  are  used  for  the  regenera- 
tion of  the  enamel  cells,  but  these  and  the  middle  membrane  after  a 
time  disappear.  The  cells  of  the  outer  membrane  atrophy  early  and  dis- 
appear. 

The  cement  or  crusta  petrosa  is  formed  from  the  internal  tissue  of 
the  tooth  sac,  the  structure  and  function  of  which  are  identical  with 
those  of  the  osteogenetic  layer  of  the  periosteum,  or,  in  other  words,  os- 
sification in  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  forms 
the  fibrous  dental  perioHteum, 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a  means 
of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction  with 
the  pulp  a  source  of  nourishment  to  it.  Additional  laininsB  of  cement 
are  added  to  the  root  from  time  to  time  during  the  life  of  the  tooth,  as 
especially  well  seen  in  the  abnormal  condition  called  exostosis,  by  the 
process  of  calcification  taking  place  in  the  periosteum.  On  the  other 
hand  absorption  of  the  root  may  equally  occur  through  the  same  mem- 
brane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed; 
and  each  tooth,  by  degrees  developing,  presses  at  length  on  the  wall  of 
the  sac  inclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a  familiar 
phrase. 

The  temporary  or  milk-teeth  tire  speedily  replaced  by  the  growth  of 
the  permanent  teeth,  which  push  their  way  up  from  beneath  them,  ab- 
sorbing in  their  progress  the  whole  of  the  root  of  each  milk-tooth,  and 
leaving  at  length  only  the  crown  as  a  mere  shell,  which  is  shed  to  make 
way  for  the  eruption  of  the  permanent  teeth. 

Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  set 
which  is  developed  from  a  small  sac  set  by,  so  to  speak,  from  the  sac  of 
the  temporary  tooth  which  precedes  it,  and  called  the  cavity  of  reserve 
(fig.  78,  c,fp).  Thus  the  temporary  incisors  and  canines  are  succeeded 
by  the  corresponding  permanent  ones,  the  temporary  first  molar  by  the 
first  bicuspid,  the  temporary  second  molar  develops  two  offshoots,  one 
for  the  second  bicuspid,  the  other  for  the  permanent  first  molar.  The 
permanent  second  molar  is  budded  off  from  the  first  permanent  molar 
and  the  wisdom  from  the  permanent  second  molar. 

The  development  of  the  temporary  teeth  is  said  to  commence  about 
the  sixth  week  of  intra-uterine  life,  after  the  laying  down  of  the  bony 
structure  of  the  jaws.  Their  permanent  successors  begin  to  form  about 
the  sixteenth  week  of  intra-uterine  life. 

The  second  permanent  molars  are  believed  to  originate  about  the 
third  month  after  birth,  and  the  wisdom  teeth  about  the  third  year. 
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III.  Muscular  Tissue. 

There  are  two  chief  kinda  of  muBcular  tissue,  diflfering  both  in  mi- 
nute structure  us  well  as  in  mode  of  action^  viz»,  (1.)  the  plain  or  non- 
striafed,  and  (3.)  the  atriaied. 


Unstriped  or  Plain  Muscle. 


IDistribuiiofu-^JJn^in]}^^  muscle  forms  the  proper  musfiilar  coats 
(!♦)  of  the  digestive  eanril  from  the  middle  of  the  u^fiopbagus  to  the  iu- 
temal  sphincter  aiii;  (2,)  of  tbe  ureters  and  urinary  bladder;  (3.)  of  the 
Irschea  and  bronchi;  (4.)  of  tbe  ducts  of  glands;  (5,)  of  the  gall- hhid* 
der;  (IS.)  of  the  veeicula?  semiuales;  (7.)  of  the  pregniint  uterus;  (8.)  of 
blood-Tessels  and  lyniphiities;  (0,)  of  the  iris,  and  some  other  parts  of 


Fljp.  Rl.— A,  rnFtriped  muscle  cel!«  from  rhenu^fteutery  of  a  newt.    The  sheaUi  ezhtbtts  inms^ 
JHU.    Bj  From  a  stmilar  proparatton.  ahrvwing  tlmtrach  miiBclecplI  contiiBts  of 


momtral  bundle  of  fibrils,  F  (iromracrUlt^  ji>art>.  c{ionect«a  with  the  intra  uuck'nr  network,  Kt  And  a 
ftbeaUi  with  onmiiiLr  tlik'kenlnKR.  ht.  Tho  ct-Ils  show  varicoflitief^  due  to  l«JcaJ  wtjtrac'tloo,  and  on 
these  the  Annular  thickeuiDg^  are  most  marked,    x  450.    (Klein  ami  Kobio  Hmitli. } 

the  eye.  This  form  of  tissue  also  enters  largely  into  the  composition 
(10.)  of  the  tnnirn  dftrfo^Sjiha  eontrnction  of  wbicb  is  the  principal  cause 

■of  the  wrinkling  and  contraction  of  the  scrotum  on  exposure  to  cold. 
Unstriped  muscular  tissue  occurs  largely  also  in  the  true  skin  generally, 
being  especially  abundant  in  the  interspaces  between  the  bases  of  the 
papillae.  Hence  when  it  contracts  under  tbe  influence  of  cold,  fear* 
electricity,  or  any  other  stimulus,  tbe  papilla?  are  made  unusually  prom- 

Iinent,  and  give  rise  to  the  peculiar  roughness  of  the  skin  termed  ettHs 
anserina^  or  goose  skin.  It  occurs  also  in  tbe  superficial  portion  of  the 
lButis»  in  all  parts  where  hairs  occur,  in  the  form  of  flattened  roundish 
bundles,  which  lie  alongside  tbe  bair-follicles  and  sebaceous  glands. 
They  pass  obliquely  from  without  inward,  em  brace  the  sebaceous  glands, 
and  are  attiiched  to  the  hair-follicles  near  their  base. 

ISirurtnre, — Unstriated  muscles  are  made  up  of  elongated,  spindle- 
thaped,  nucleated  cells  (flg,  81),  which  in  their  perfect  form  are  fiat, 
from  about  i-^  to  ^iw^  o^  ^^  iiich  broad  (T  to  8/^),  and  -^  ^o^^  of  an 
inch  (^  to  ^mm)  in  length— very  clear,  granular,  and  brittle,  so  that 
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wr^rn  thevbnak  thej  often  haTcabnxpsljroanded  or  aquare  extremities. 
Ei.;b  .:«ri;  of  the»j  ooL-iata  of  *  fine  AheOlu  prohaWj  elaaxi-:;  of  acentra) 
bcn^ile  ..f  nh-rili  represeLting  the  «»ntractile  aihrtaxn:*:  and  of  anob- 
I.:-Lz  r-vi-.-Iec-,  wh:.:h  inola-ies  within  a  mefabrane  a  fine  network  anasio- 
mosin;?  ;i:  the  p..:.^  of  the  nuolen*  with  the  contractHe  fibrik.  The 
r^i^'U  .,.f  zhT-n  ar»r  u.^nailj  =inzie.  3*imeCLmea  -iiTideiL  Between  the  fibres 
id  ai.  ilbaminoc-  •:»ineL:irz  m^teniil  or  <fftfi»fmjfjnmm  in  which  are  fonnd 


-:»:.iintit:;i7rr-::jeue  x-rTu**:!*?.  and  :&  few  dbrea-     The  jMfrimw^imfH  is  con- 
ZLLirr^i  wi;i  :le  •rLiomjii-in  in  the  tbroo*  connediTe  tianze  eorronnd- 

iz^  iz  :  ^r^^^CLnx  li*:  bundles  of  ni::scie  oelLi. 

Striated  Hoscle. 

i^'  *■'••*••  *■  '. — '^*':  :"r'T  ■r  fTTir**':  tt.i^v.'^  :*  frnnfi  in  the  following 
i:*::i:.  r./f.  i:  ■  r.j::--.vs  :jie  whoL^  rt  z'l^  n:':5«*nlAr  apparutas  of  the 
5aL-:.  "-■  7..  -. :*  T"-  -*  ..\  f  - ;  .a  iccod'ri:.  r c \.  -^^  whot*  ^f  thcnse  muscles 
▼  -:.*..  ir»f  :r.  irr  :  :t  :«  r.rr-.  1  f  :h«*  will  ir-i  ben-.^e  termed  r»/Mi«/<7r'/.  as 
^^*-  -^  .'trruii".  .  ::irrr  r/5?<.'lrs.  ■».:..  ^r-f  :!:•?  :n*»?r:!;kl  ear  and  phiirvM  not 
iLT'ttjt.j  ur--:-r  *j:-f  .'vr:?-. I  .:f  th**  will.  i~.i  "he  hearc 

y  *'*  .•-•<  --. — r  :r  :^r  *ak-?  rf  irscr^^tio?:.  ^rria:eii  mnscnlar  tissue  may 
c^  tiiTi.^cc  :z:..  zv  :>  oj5s*:s.  -jl-  *»"■"'"*'",  wji^h  -^Mn prises  the  whole  of 
:ae  str^r^w  musclt^  .f  :b^  b.:.:T  fxv^r;:  •-.    rhe  i^^rr^s 

'^,^  Skeletal  Muscle.— I-  :h^  e:*;.  —tj  f  .?a5cs  a  skeletal  muscle 
la  'j.:i06«fvi  in  a  >-ed:i>  of  Ji^^:v::i^  ::*«:;.?  :»:>•:  z'l^  -i>?w¥-^'Mw,  which  in 
some  ca«*  is  a  T^rr  ihck  nr  :  .i:s::",::  1--^-,^,.-..  wliile  in  other  cases 
rt  »  maca  thinner.  Tl:e  sh^-^rl:  s^-:<  i::  - .;irT:::  ns  whVh  serve  to  sup- 
port  th*/*ru-**V  or  bun  ;W*  of  -:^r«.s.  .^f  w^:.'h  ^j.^  niuscle  i*  made  np, 
or  lew  iutmct  jh^Atbs  for  rLiem.  called  wfriwi^Wiim-     The 
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tbres  themselves  are  supports*!  in  their  ftiRciculns  hy  a  scanty  amoiint 
If    areolar  tissue  coiitaining   plajsmii   cells  unii   termed   endomysitaiK 
rithin  the  areolar  tissue  supporting  the  fiisciciili  and  between  the  fibres 
re  contained  the  blood-vessels  ami  nerves  of  the  tissue* 

The  muscular  fibres  of  eaeh  fascictihis  are  purullel  to  one  another, 
id  generally  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  term i nations  they  may  converge  to 
their  insertion  into  the  tendon  of  the 
muscle.  The  fasciculi  extend  throughout 
the  whole  length  of  the  muscle^  but  they 
vary  in  size  and  in  the  number  of  their  con- 


Fii^.  sa. 


TS^.Si. 


,  ML— Transverse  section  through  muscular  fibr«i  of  Inmiau  touKU**.    The  tmigcle-corpuscleii 
CSAled  bv  thfir  cJ«MT^j|v  Htaint^l  nncli'i  situattni  at  ih"  insido  of  the  narf olemnia.    Each  rnust^lf 
lown  '*C'ohnbelm'»  flelils,^"  tliat  is.  the  sairioiis  elemnnb^  In  transverse  «>ctioo  8et>iiral4*tl  by 
'  Cappiu^Dtly  linear)  (nU^rHtitml  suhHt&uce.     X  45tK     (KJ^in  iiud  Nohle  Kmttb.) 
Fiir.  H4^- Muscular  fibre  torn  acrami  tbesaroolerutuji  Ktill  L-onnw-tini?  Uip  two  part»  of  tho  flbre. 
(Todd  And  Bow  man,  i> 

tained  fibrea»  both  in  different  muscles  and  also  in  the  same  muficle,  some 
muficlea  having  coarse,  others  fine  fasciculi.  In  some  cases  it  would  seem 
that  the  perimysium  is  altogether  independent  of  the  external  gheuth 
of  the  muscle.  As  to  the  fibres  of  which  the  bundles  are  made  up,  they 
have  a  distinct  elastic  sheath,  the  taarmhfnnm;  their  size  varies  consid- 
erablji  their  cross-section  being  from  10t>  to  10;^,  and  as  regards  their 


J_ 


B 


.  SBL— P«rt  of  *  Btnped  rnusc-lH-flbre  of  «  water  hoeUe  prefMred  with  Abitolute  alcohol.    A, 

fntna;  B,  Knui«e'A  menibmn**.    The  flareolenima  .<^howH  regular  biil^g^.    Above  and  b«?low 

es  pembraoe  mre  se»ni  the*  tmnspar^-nt  "laUTftl  fliscs.'*    The  ehlef  mmm  of  a  muacular  csooi- 

'Dttsoo^pled  by  tbi*  eonJractile  disc  conijxjsed  of  sarctitis  deimMjtH,    The*  subgtatjee  of  tie 

j«l  nvoooB  elements  has  coiJeeted  more  «t  tbe  extremity  than  Id  the  centn?:  ht^nofttlllB 

tonerto  mora  tettomreut.  Thi?  optical  effect  of  thijt  ia  that  the  conlra*-tne  dla-  appears  to  poeneaa 
•  ^  tnedlen  awe '  CDtec  of  H«?nf«ea),  H^^eral  nuelei  of  imiHcle  corpuscles,  C  and  u,  are  ahown,  and 
IB  Iheia  a  minute  network .     >:  800.    (KM n  an d  N oble  Snil Ui  j 


shape,  it  is  cylindrical  or  is  trinngular,  quadrilateral,  or  pen tangular  with 
rounded  angles.  In  length  the  fibres  seldom  exceed  an  inch  and  a  half 
6 
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(3.75  cm).  It  ig  thus  evident  that  the  same  fibre  does  not  extend  from 
one  end  of  a  miiaele  to  the  other,  aud  indeed  it  is  known  that  in  a  fjiA- 
cieuhis  fibrils  are  joined  together  by  rounded  or  angular  extremities  in- 
vested  with  their  proper  sheath  the  sarcolemma. 

Each  muscular  fibre  then  is  thus  constructed :— Externally  is  a  fine, 
transparent,  structureless  nvembmne,  the  Mtrr  oh  mm  a,  which  in  the  fonn 
of  a  tubuhir  investing  skeath  forms  the  outer  wall  of  the  fibre  and  which 
contains  the  contractile  material  of  which  the  fibre  is  chiefly  made  up. 
8ometimcH,  from  its  companitive  tonghneBS,  the  sarcolemma  will  remain 
untorn,  when  by  extension  the  contained  part  can  be  broken  (fig,  S4j, 
and  its  presence  is  in  this  way  best  demonstrated.  The  fibres  are  of  a 
pale  yellow  color,  and  apparently  marked  by  fine  strife  which  pass  tnins- 
Terselj  round  tliem,  in  slightly  curved  or  wholly  parallel  lines.    The 


1   If V 

»0  i 


Flgr-  S6.— A.  Portfon  of  a  incdlutn-itijficKi  by  man  muscular  flbre.  X  &00.  B.  Separated!  hiMWHt 
jnbrilB«Hxtia1ly  ma^iidt^l;  a,  rr.  lar^f^r,  and  h,  iF»^  vmaUer  eoUeetiotttt  <'«8tiJi  cuiiAllffr:  d,  rf,tlMVBtl 
wJiif  b  could  be  dt^t4icbed^  possibly  reproBentluje;  a  bIdkI^b  series  of  iAroou«  elemeut,    ij&hagpff^y 


sarcolmmna  is  a  transparent  strnctnreless  elastic  sheath  of  great  resist- 
ance which  surrounds  each  fibre  (fig.  84).     There  is  still  some  doubt  r^     , 
garding  the  nature  of  the  fibrils.  ■ 

A  striated   muscle  fibre,  when  examined   with  a  sufficiently  high^ 
power  of  the  microscope,  presents  the  following  appeanmces,  longitu- 
dinally :— 

(a.)  Alternate  darl'  and  light  parallel  irafUfPerse  siripm,  to  which 
this  variety  of  muscle  owes  its  name,  the  depth  of  the  stripes  not 
always  being  the  same. 

(b*)  With  still  higher  powers  of  the  microscope,  the  bright  stripcf 
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y  be  seen  to  be  divided  in  the  middle  line  by  other  very  fine  trang- 
rae  dark  lines,  sometioiea  called  DMe-)<  iim\ 
(c)  Each  dark  stripe  may  also  fiometimes  be  seen  to  be  divided  by  a 
T  line,  called  Hcnson's  disc, 

(d.)  Each  fibre  presents  an  appeanince  of  Ungitudinal  siriafion  and 

ter  hardening  in  alcohol  may  be  divided  by  teasing  with  needles  into 

ngitudinal  fibrils,  more  or  less  eylindrieal  or  angular,  which  are  named 

tucle  columns  or  sarro.sft/les^  and  extend  throughout  each  fibre.     Each 

these  appears  to  consist  of  short  columns  connected  together  by 

right  intervals,  the  former  are  the  .mreoHm  eh  me  tits  of  Bowman.     They 

may  possibly  be  further  longitudinally  striated,  and  so  made  op  of  finer 

fibrillae  still. 

After  treatment  with  reagents  the  fibre  may  be  split  up  into  trans- 
irse  discs* 
(e.)  On  Transverse  Section- — The  fibre  presents  most  extenially, 
the  outline  of  the  sarcolcmma. 

(f.)  The  muscular  substance  proper  appears  to  be  mapped  out  into 


F%.  97.— Three  niuicillir  fibres  nuintniF  1otij;rittidinall|',  aDd  two  bundles  of  flbn>fis  la  ir&tiSTerae  mc- 
tloft,  M,  from  ttm  tongue.    Th*?  cat'^aArieii.  C.  are  ii|Ject«d.    x  150.    (Klein  awl  NoWe  8tn*tb.J 

small  polygonal  areas  by  clear  lines  (fig.  83)  called  Cohnheim-s  fields y  the 
lines  giving  the  appearance  of  a  mesh  work.  The  lines  represent  the 
transverse  section  of  the  cementing  material  between  the  sarcostyles, 
which  is  called  snrcoplaHvu 

(g.)  Immediately  within  the  sarcolemma  in  ordinary  muscle  or  in 
the  centre  of  the  fibre  as  in  the  muscle  of  some  insect^?,  are  seen  ele^ir 
oval  nuclei  called  muscle  nnehi  or  muscle  corpttsde,  surrounding  which 
is  a  certain  amount  of  granular  protoplasm  (fig,  85). 

The  appearances  of  the  moscle  fibre  when  seen  nnder  the  micro- 
scope^ cannot  he  said  to  be  yet  thoroughly  understood,  and  have  given 
rise  to  various  theories  as  to  the  structure  of  striped  muscle,  to  several 
of  which  it  will  be  as  well  to  allude. 

Muscle  Caskets  (Krause)  Theory. — According  to  this  view  a 

muscle  fibre  is  made  np  of  transverse  compartments^  bounded  laterally 

^bj  the  sarcolemma,  and  above  and  below  by  a  fine  membrane,  called 
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Krause^s  membrane^  which  passes  from  side  to  side  from  the  sarcolemma 
across  the  light  stripe.  This  membrane  corresponds  to  Dobie's  line 
The  transverse  compartments  are  divided  longitudinally  into  smaller 
ones  by  lines  which  correspond  with  the  bonndaries  of  Cohnheim's  areas, 
and  each  such  compartment  is  termed  a  muscle  casket.  Within  the 
middle  part  of  the  casket  is  a  muscle  prism  made  np  of  darker  rods  of 
contractile  material  called  muscle  rods,  and  above  and  below  the  muscle 
prism  is  a  more  fluid  substance.  When  the  muscle  contracts,  the  fluid 
substance  is  pressed  more  between  the  muscle  rods,  causing  them  to  be 
further  away  from  one  another. 

Muscle  Reticulum  Theory.— According  to  the  views  of  certain 
observers  (Retzius,  Melland.  Marshall,  van  Oehuchten,  and  Camoy),  the 


Fig.  88 


Fig.  88a. 


FI^.  88.— Trangverae  section  of  one  of  the  trunk  muscleR  of  the  Hippocampus,  stained  In  chloride 
of  gold.    (Rollett.) 

Mg.  88a.— Portion  of  muscle-fibre  of  Dytiscus.  showing  network  very  plainly.  One  of  the  tram- 
verse  networks  is  split  off,  and  some  of  the  longitudinal  bars  are  shown  broken  off.    CAf  ter  Mellaod.) 

part  of  fresh  muscle  which  is  stained  in  chloride  of  gold,  is  a  meshwork 
of  fibrils  which  corresponds  to  the  intracellular  meshwork  of  ordinary 
protoplasmic  cells,  i,e,,  the  spongioplasm,  and  is  the  part  which  is  the 
contractile  element  in  muscle.  The  meshwork  on  one  level  is  connected 
witli  the  meshwork  on  another  level  by  means  of  longitudinal  fibres,  at 
the  junction  of  which  the  meshes  appear  more  or  less  knotted  (figs,  88 
and  88a).  The  longitudinal  fibres  of  the  network  are,  according  to  this 
theory,  the  chief  agents  in  the  active  contraction.  The  transverse  mesh- 
work is  more  passively  elastic,  and  may  be  the  cause  of  the  speedy  relax- 
ation of  muscle  after  contraction  has  ceased.  The  material  filling  up 
the  meshwork  is  a  more  fluid  and  non-contractile  material. 

Rollett  has  minutely  criticised  the  idea  of  the  gold-staining  sub- 
stance of  the  fibre  being  the  contractile  portion.     His  Yiews  are  the 
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following:— That  the  miiscle-fibre  consists  of  longitudinal  fibriilm 
grouped  together  into  muavlt  culamuSf  which  are  seen  in  the  transverse 
section  us  Cohnheim's  fields,  and  that  the  intercolumoar  material  is 
Bomi-fhnil  sarcoplaHin.  A  muscle  column  consists  of  Begmenta  alter- 
nately thin  and  thick,  while  in  the  centre  of  the  thin  portion  is  a  dark 
enlargement  forming  a  dot,  these  dots  in  Cohnheim's  arrangement  cor- 
respond to  Kranso's  mombnine. 

In  fresh  muscle,  at  low  focus,  according  to  this  Tiew,  the  muscle- 
columns  appear  dark  and  the  sarcoplasma  appears  light,  the  former  are 
in  a  line  with  tlie  granules.  At  high  focus,  the  reverse  is  the  case,  but 
the  dark  sarcoplafima  is  now  seen  in  line  with  two  rows  of  granules 
'(fig,  89). 

Also,  that  in  gold-atained  preparations^  the  dark  row  of  granules  are 
licknesses  of  the  sarcoplasma  between  the  thin  segments  of  tho  nmscle 


mmJ  aJtentAtioff 


.  of  th©  appmratiowi  in  trv^  muicto-libre.    A.  At  Uiw  focn«  (»)  the  nuiaole 

immt  darlc  and  in  a  line  witli  tlit^  ^iri^tiuiee,  SATOopJaHin  li^ht.  A t  hijirh  focus  U)  tbe  Mroo- 
dark^  muitele  L*c»Uimtig^  tli^bt,  mid  tw»  rows  oC  i^nmuks  ap|iear  in  a  Hue  wttli  the  sATCOplAsm 
ntAtioff  with  the  muscle  c»>liiainB,     (MarHhaJI,  nft^r  Rtjllett,) 


colomns,  whereas  the  two  rows  of  granules  do  not  correspond  with 
these,  but  alternate  with  them,  belonging  as  they  do  to  tlie  muscle 
columns,  and  not  to  the  sarcoplasm. 

Schafer  has  thrown  considemble  light  upon  the  controversy  by  hav- 
ing actually  observed  that  when  a  small  portion  of  the  living  wing- 
mnscle  of  insects  is  teased  np  with  needles  in  a  small  drop  of  white  of 
^gg^  the  sareustyles  may  easily  be  separated  from  their  surrounding 
sjirooplasm,  and  may  be  aciuallif  men  to  contract,  whereas  the  sarcoplasm 
shows  no  such  property.  According  to  this  observer  such  a  sarcostyJe 
Ui!%j  be  examined  thus  isolated,  both  living  and  after  treatment  with 
various  reagents,  and  it  shows  alternate  bright  and  light  stripes,  the 
latter  being  bisected  by  a  line  which  corresponds  wtih  Krause's  mem- 
brane, Kniusc's  membrane  divides  the  sarcostyle  into  sarcmmrm,  which 
contain  in  the  middle  the  strongly  refractive  disc-like  sarcous  element, 
and  above  and  below  it  hyaline  material,  which  is  bounded  by  Krause  s 
membrane.  The  sarcous  substance  is  penetrated  by  canals,  which  ex- 
tend  upward  and  downward  from  the  hyaline  substance  to  the  middle. 
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The  Barcous  substance  stains  with  hsBmatoxylin.  A  light  interyal  may 
bisect  the  sarcous  substance  if  the  fibre  is  stretched^  which  correspond! 
with  Hensen's  disc. 

Appearances  under  Polarized  Light—The  appearances  which 
muscle  presents  when  viewed  under  polarized  light  vary  according  as 
the  fibres  are  looked  at,  as  fresh  in  their  own  plasma^  or  as  hardened 
fibres  prepared  and  mounted  in  Canada  balsam. 

The  whole  of  the  living  fibre  may  be  doubly  refracting,  the  isotro- 
pous  part  appearing  as  rows  of  dots  separating  transversely  the  princi- 
pal material  of  the  fibre.  Shortly,  according  to  Sch&fer,  it  may  be  said 
that  the  sarcoplasm  is  singly  refracting,  and  that  the  sarcostyle  is  in 
great  part  doubly  refracting.  In  a  fibre  which  is  extended,  after  it  has 
been  hardened  in  alcohol  and  mounted  in  Canada  balsam,  there  are 
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Fig.  90.— Sarcostyles  from  the  wing-muacles  of  a  wasp.  ▲,  ▲'.  SarcostyleB  showixig  degraeiaf 
retraction  (?  contraction),  b.  A  sarcostyle  extended  with  the  saroous  elements  separ^ed  mto  two 
parts,    c.  Sarcotityles  moderately  extended  (semidiagrammaUc).    (E.  A.  SchAfer.) 

Fig.  91.— Diagram  of  a  sarcomere  in  a  moderately  extended  condition,  a,  and  in  a  oontncted 
condition,  B.  k,  k,  Krause's  membranes;  h,  plane  of  Henson;  s.b.,  poriferoua  ■oroous  dement. 
(E.  A.  Sch&fer.) 

alternate  dark  and  light  bands,  the  former  corresponding  to  the  light 
intervals  as  seen  in  ordinary  light,  and  the  latter  to  the  various  elements. 
When  the  fibre  is  more  contracted  the  dark  line  becomes  narrower,  and 
the  anisotropous  intervals  broader,  but  there  is  no  interval  of  the  bands 
on  contraction.  It  appears  further  that  the  chromatic  portion  only  of 
the  sarcostyles  is  anisotropous,  and  the  sarcoplasm  and  the  remainder  of 
the-  fibre  is  isotropous. 

(b.)  Heart  Muscle. — The  muscular  fibres  of  the  heart,  unlike  those 
of  most  of  the  involuntary  muscles,  are  striated;  but  although,  in  this 
respect,  they  resemble  the  skeletal  muscles,  they  have  distinguishing 
characteristics  of  their  own.  The  fibres  which  lie  side  by  side  are  united 
at  frequent  intervals  by  short  branches  (fig.  92).  The  fibres  are  smaller 
than  those  of  the  ordinary  striated  muscles,  and  their  striation  is  lees 
marked.  No  sarcolemma  can  be  discerned.  The  muscle-corpuscles  are 
situate  in  the  middle  of  the  substance  of  the  fibre;  and  in  correspond- 
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ace  irith  these  the  fibres  appear  under  certain  conditions  subdivided 
Bto  oblong  portious  or  ^*  cells/'  the  offsets  from  which  are  the  means  by 
irhich  the  fibres  branch  and  anastomose  one  with  another. 

It  should  be  noted,  however,  that  the  heart  muscular  fibres  are  not 
^e  only  ones  which  branch,  since  the  fibres  of  the  tongue  of  the  frog, 
Bpecially  where  they  are  attached  to  the  mucous  membrane,  present 
lid  peculiarity;  branching  muscular  fibres  have  also  been  noted  in  the 
^ngue,  and  in  the  facial  muscles  of  other  animals.  And  again,  in  the 
limals  in  which  two  kinds  of  skeletal  muscles  occur,  red  and  pale,  in 
red  muscles  the  fibres  are  much  loss  distinctly  striated  transversely, 
berens  their  longitudinal  striation  is  more  marked  than  in  the  pale 
iety.    They  are  ako  fijier  thuu  other  skeletal  muscles.    It  should  also 
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Wtg.  02.— Muscular  fibre  cells  from  the  heart,    CK.  A.  Schiirer. ) 

Fie.  M— From  u  prepftmtlQi)  of  ih«  oerve-u^rniinuttoD  in  tht^  DiuscuJiir  fibres  of  a  sn&ke.    a, 
d  ptote  aaeu  oQly  broad  mirfaced,    b.  End  plate  iievn  am  narrow  durfm.^.    cLlug^ard  and  Xli*ta.) 

^  added  that  iu  these  red  muscles  the  sarcoplasm  is  much  developed, 
and  the  muscle  nuclei  are  very  numerous,  and  may  be  situated  in  the 
middle  of  the  fibre,  as  is  the  case  with  iieart  muscle  fibres. 

Blood  and  Nerve  Supply.^ — The  voluntary  muscles  are  freely  sup- 
plied with  blood-vessels;  the  capillaries  form  a  network  with  oblong 
meshes  around  the  fibres  on  the  outside  of  the  sarcolemma.  No  vessels 
penetrate  the  surcolemma  to  enter  the  interior  of  the  fibre.  Nerves  olso 
are  supplied  freely  to  muscles;  the  voluntary  muscles  receiving  them 
from  the  cerebro-spinal  system,  and  the  unstriped  muscles  from  the 
sympathetic  or  ganglionic  system. 

The  nerves  terminate  in  the  muscular  fibre  in  the  following  ways: — 
(1.)  In  unstriped  muscle,  the  nerves  first  of  all  form  a  plexus,  called 
the  ground  plexus  (Arnold),  corresponding  to  each  group  of  muscle 
bundles;  the  plexus  is  made  by  the  anastomosis  of  the  primitive  fibrils 
of  the  axiB-cylinders.     From  tlie  ground  plexus,  branches  pass  off,  and 


agBiB  anastomosing,  form  plexuses  which  correspond  to  each  miucle 
bundle — intermediary  plexuses.  From  these  plexuses  branches  con&ijt- 
mg  of  primitive  fibrils  pass  in  between  the  individual  fibres  and  aiuA- 
tomose.  These  fibrils  either  send  off  finer  brauchesj  or  terminate  them* 
eelres  in  the  nuclei  of  the  muscle  cells. 

(2*)  In  striped  muscle  the  nerves  end  in  motorial  ^nd-plafeSf  haTing 
first  formed,  as  in  the  case  of  unstriped  fibres,  ground  and  intermediazj 
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Flip.  M.— Two  striped  iiiu«cle-flbpea  of  the  byogr1oi»us  of  frog,  a,  Nerve-Cod  plate;  ft*  ..*^-- 
flbrea  leAvlD^  the  ead-plate;  c,  tterv&-flbrt.'S»  termlimtiEig  after  dlvldiiiir  into  brmaches  tL  a  luicksiii  in 
which  iwo  oerTts-flbrets  aaaatomone.    X  OOO.    (Amdtj 


plexuses.  The  fibres  are,  howeyer,  meduUated,  and  when  a  branch  of 
the  intermediary  plexus  pusses  to  enter  a  muscle-fibre,  its  primitive 
sheath  becomes  contiTuious  with  the  surcoleiiima^  and  the  axis-cylinder 
forms  a  network  of  its  fibrils  on  the  surface  of  the  fibre.  This  network 
lies  embedded  in  a  flattened  gnmular  mass  containing  nuclei  of  several 
kinds;  this  is  the  nwforitil  eud-phft-  (figs.  93  and  94),  In  batr^ichia, be- 
sides end-plates,  there  is  aTiother  way  in  which  the  nerves  end  in  the  muscle 
fibres,  viz,,  by  rounded  extremities,  to  which  ublong  nuclei  are  attached. 


_jj| 


STRLCrrEE   OF  THE   KLEMBNTART  TtSSUES.  89 

DeTClopmeiit. — (1.)  Unstriped, — ^Tlie  cells  of  iioetrip^d  mysde  aro 
defiv<?d  directly  from  embryonic  cells,  by  an  elongatioo  of  the  cell,  and 
its  nucleus;  the  latter  changing  from  a  vesicular  to  a  rod  shape. 

(2.)  Striped. — Formerly  it  was  supposed  that  striated  fibres  were 

fonued  by  the  coalescence  of  several  cells,   but  recently  it  has  been 

proved,  that  each  libre  is  formed  from  a  single  cell,  the  process  involv- 

ting  ao  enormous  increase  in  si^e,  a  mnltiplication  of  the  nucleus  by  fis- 

[aioD«aDd  a  differentiatfou  of  the  cell-eonteuts«     This  view  diflers  but 

Utile  from  another,  that  the  muscular  fibre  is  produced,  not  by  mnlti- 

L plication  of  cells,  but  by  arrangement  of  nuclei  in  a  growing  mass  of 

^plasm  (answering  to  the  cell  in  the  theory  just  referred  to),  which 

[becomes  gradually  differentiated  so  as  to  assume  the  characters  of  a  fully 

[developed  muscular  fibre. 

Growth  of  Muscle. — The  growth  of  muscles,  both  striated  and  non- 
etriated,  is  the  result  of  an  increase  both  in  the  number  and  si^e  of  the 
individual  eleojenta.  In  the  pregnant  uterus  the  fibre-cells  may  becomt* 
etilarged  to  ten  times  their  original  length.  In  involution  of  the  uterus 
after  parturition  the  reverse  changes  occur,  accompanied  generally  by 
acme  fatty  infiltration  of  the  tissue  and  degeneration  of  the  fibres. 

IV.  Nervous  Tissue. 

Nervous   tissue  has  usually  been  described    as    being  composed   of 
distinct    substances,  nerve-fibres    aud  nerve-cells.       The    modern 
0l  the  nature  of   nerve-tissue  is,  however,   that   it  is  composed 
element  alone,  called  the  neuron    or  nerve  unit,  embedded  in 
and  supported  by  a  substance  called  neuroglia.     This  neuron  consists  of 
,  ceil-bodyt  a  nunil>er  of  branching  processes  termed   dt*ndriieSy  and  a 
[ing  procesa  running  out  from  it,  the  neuraxoa^  which  becomes  eventu- 
ally a  Berve-fibre.     The  nerve-cell  and  the  nerve-fibre,  are  really  parts  of 
^tbeaaiDO  anatomical  unit,  and  the  nervous  centres  are  made  up  of  these 
loilt,  arranged  in  different  ways  tiiroughout  thenervoussysteni  (fig.  94a), 
The  different  neurons  do  not  unite  anatomically  with  each  other,  but 
independent  units.     A  further  description  of  these  structures  will 


\  gif  eD  later. 


Nerve-Fibres. 


Wbile  the  nerve-fibre  is  really  to  be  considered  as  a  process  of  the 
tuerve-oelt,  it  U  convenient  to  describe  it  separatel3\ 

Ktfn'e/if^. — Nerve-fibres  are  of  two  kinds,  meduUnied  or  white  Jiff  rett^ 
end  iwn-fftf'fifilfnfed  or  f/ni^  fibres. 

MeduUated  Fibres. — Each  medullated  nerve-fibre  is  made  up  of 
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the  following  parts:— (1.)  An  external  sheath  called  tiieprifniiive  nerve- 
sheath,  or  nucleated  sheath  of  Schwann;  (2.)  An  intermediate  or  pack- 
ing  substance  known  as  the  medullary  or  myeline  sheath,  or  white  sub- 
stance of  Schwann;  and  (3)  internally  the  axis-cylinder^  primitive  band, 
axis  band,  or  axial  fibre. 

Although  these  parts  can  be  made  out  in  nerves  examined  some 
time  after  death,  in  a  recent  specimen  the  contents  of  the  nerve-sheath 
appear  to  be  homogeneous.     But  by  degrees  they  undergo  changes  which 
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Fig.  94a.— IMaf^ram  Rhowiuj?  the  arraD^ment  of  the  neurons  or  nenre-units  In  the  architeo- 
ture  of  the  nervous  HyKteui.  Jkf.  Neurons  I.  and  //..  motor  neurons;  S.  Neurons  i.,  iX,  /I/., 
sensory  neurons;  A.  Neuruii^  associative  or  commissural  neuron.    (Dana.) 


show  them  to  be  composed  of  two  different  materials.  The  internal  or 
central  part,  occupying  the  axis  of  the  tube,  viz.,  the  axis-cylindery  be- 
comes grayish,  while  the  outer  or  cortical  portion,  or  white  substance 
of  Schwann,  becomes  opaque  and  dimly  granular  or  grumous,  as  if  from 
a  kind  of  coagulation.  At  the  same  time  the  fine  outline  of  the  previ- 
ously transparent  cylindrical  tube  is  exchanged  for  a  dark  double  eon- 
tour  (fig.  95,  b),  the  outer  lino  being  formed  by  the  sheath  of  the  fibre, 
the  inner  by  the  margin  of  curdled  or  coagulated  medullary  substance. 
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The  granular  material  shortly  collects  into  little  masses,  which  distend 
portions  of  the  tubular  membrane;  while  the  intermediate  spaces  col- 
Impse,  giving  the  fibres  a  yaricose,  or  beaded  appearance  (fig.  95,  c  and 
b),  instead  of  the  previous  cylindrical  form.  The  whole  contents  of 
the  nerre-tubules  are  extremely  soft,  for  when  subjected  to  pressure 
they  readily  pass  from  one  part  of  the  tubular  sheath  to  another,  and 
often  cause  a  bulging  at  the  side  of  the  membrane.  They  also  readily 
escape*  on  pressure,  from  the  extremities  of  the  tubule,  in  the  form  of  a 
gmmons  or  granular  material. 

The  external  nucleated  sheath  of  Schwann,  also  called  the  neu- 
rilemma,  is  a  pellucid  membrane  forming  the  outer  investment  of  the 
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Fig.  96. 


Fig.  9&.>-PriinUiTe  nerve-flbres.  a.  A  perfectly  fresh  tubule  with  a  single  dark  outline,  b.  A 
tnlmle  or  fibre  with  a  double  contour  from  commencing  post-mortem  change,  o.  The  changes 
ftartlier  adranoed,  producing  a  varioose  or  beaded  appearance,  d.  A  tubule  or  fibre,  the  central 
part  of  which.  In  consequence  of  still  further  changes,  nas  accumulate  in  separate  portions  within 
the  sheath  CWagner). 


th  (Wagner). 
Fi|^.  96.— Two  nerre-fibres  of  sciatic  nerve.    ▲.  Node  of  Ranvier. 
of  Bdiwann,  with  nuclei,    x  800.    (Klein  and  Noble  Smith.) 


B.  Axis-cylinder,    c.  Sheath 


nerve-fibre.  Within  this  delicate  structureless  membrane  nuclei  are 
seen  at  intervals,  surrounded  by  a  variable  amount  of  protoplasm.  The 
sheath  is  structureless,  like  the  sarcolemma,  and  the  nuclei  appear  to  be 
within  it:  together  with  the  protoplasm  which  surrounds  them  they  are 
the  lelics  of  embryonic  cells,  and  from  their  resemblance  to  the  muscle 
corpuscles  of  striated  muscle  may  be  termed  nerve-corpuscles.  They  are 
easily  stained  with  logwood  and  other  dyes. 

The  medullary  or  myelin  sheath  or  white  substance  of  Schwann 
is  the  part  to  which  the  peculiar  opaque  white  aspect  of  meduUated 
neryoB  is  due.    The  thickness  of  this  layer  in  nerve-fibres  varies  consid- 
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erably,  at  one  time  being  very  well  developed,  at  another  forming  boti 
very  thin  investment  of  the  axis  cylinder.     It  is  a  semi-fluid,  fatty  sob- 
stance,  and  in  the  fibre  possesses  a  double  contour.     It  i&  said 
made  up  of  a  fine  reticulum  (Stilling,  Klein),  in  the  raeshes  of  whi 
embedded  the  bright  fatty  material.     It  etains  well  with  osmic  acid. 

According  to  McCarthy  this  sheath  is  composed  of  small  rods  mdiai- 
ing  from  the  axis-cylinder  to  the  external  sheath  of  Schwaniu  Some-  J 
times  the  whole  space  is  occupied  by  them,  while  at  other  times  the  I 
rods  appear  shortened  and  conjpressed  latenilly  into  bundles  embedded  " 
in  some  homogeneous  substance.  According  to  other  ob- 
servers the  sheath  is  made  up  of  segments  which  are 
either  cylindrical  or  funnel-shaped  (Mertionst  of  Lanter* 
vitinn).  It  is  not  definitely  decided  that  these  divisions 
exist  natunilly  in  the  nerve-fibre.     In  nerves  hardened  ia 
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Fig.  97.— A  bode  of  Rjinvl«*r  in  a  lut^luKuileil  uer^e-flhre^  viewed  from  above.  Ttie  nMjdtiUtry 
ilusftifa  te  liiten:upi.ed,  aod  tht*  primaive  iiiirath  thickenod.  Citpied  from  Axel  Key  and  Retxiui. 
X  7W.    (Klein  and  Noble  Hinlth  > 

Fig,  flS.— Oniy,  i«ile,  or  st'laitooua  nerve- flhrea.  A.  From  «  bmncli  uff  the  olfactory  oerre  ol  Iht 
sheep;  two  dark-bonJered  or  white  fibres  frotu  the  fifth  ruLir  are  o^oci^^  with  the  pale  fllfacUwy 
flbre«,    B.  From  the  vympatheric  nerve,     x  4^K    (Uax  SdtiilLt^) 

alcohol,  it  is  possible  to  demonstrate  a  very  ehromatic  recticulum  in  the 
medullary  sheath,  which  is  supposed  to  be  of  a  horny  nature,  since  it 
offers  much  resistance  both  to  chemical  reagents  and  to  digestive  fluids 
{hnrny  refirulum  ar  muro-kera/hi  tiff  work), 

The  axis^cylinder  consists  of  a  large  number  of  primitive/^i7/<B, 
This  is  well  shown  in  the  cornea,  where  the  axis-cylinders  of  nerves 
break  up  into  minute  fibrils  which  form  terminal  networks,  and  also  in 
the  spinal  cord,  where  these  fibrillfe  form  a  large  part  of  the  gray  matter. 
From  various  considerations,  such  as  its  invariable  presence  and  un- 
broken continuity  in  all  nerves,  though  the  primitive  sheath  or  the 
medullary  sheath  may  be  absent,  there  can  be  little  doubt  that  the  axis- 
cylinder  is  the  essential  part  of  the  fibre,  the  other  parts  having  the 
subsidiary  function  of  support  and  possibly  of  insulation. 
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diodes  of  Ranvier— At  regular  intorvals  in  most  medullated  nerves 
be  nucleiited  sheath  of  Schwann  possesses  liunuUkr  constrictions;  thrse 
^e  aklled  nodes  of  Ranvier,  At  these  points  (fig.  101),  the  contin- 
aity  of  the  meduHury  white  substance  is  interrupted,  and  the  primitive 
sbeiith  comes  into  immediate  contact  with  the  axis-cylinder.  The  seg- 
ment of  the  fibre  between  two  nodes  is  termed  an  iniernode,  and  the 
^ngth  of  the  internodes  varies  in  different  nerves;  their  average  is  Siiid 
0  be  1  mm.  There  is  only  one  nerve  nucleus  to  each  internode.  At 
ich  node  the  internodes  are  united  within  the  external  sheath  by  a 
jnnd,  coj^trictinff  hand  of  Ranvier  (fi^,  101),  and  this  stains  black  with 
lilTer  nitrate^  the  axis-cylinders  at  the  nodes  also  are  capable  of  being 


•^ 


¥\x.  90.— Transvene  tiection  of  adAtlc  DArve  of  the  rabbit  hanli^ri^d  iu  chromic  acid  and 
■tAined  with  picro«&ruiiDe«  &Dd  HhiowlDK  Umellar  sheAlh.  |)t*rl|4M+ric  CH>nn*v-t*v**  timue,  and  iBtrii- 
faacicular  tNMiDective  tiMtiv.     •  ViO  utid  reduced  one-balf.    a,Penf»^  'mective  tiasiM^;  b, 

luiiellM'tlifN&ai:  c,  intra-faacieular  coimectlTe  tittme;  d^  D«rT«'flbro  i  >  sbowtng  nuclei  of 

tbesame;  «,  axiihcyUtid^, 

stained  with  the  same  reagent,  and  so  a  node  of  Ranvier  when  stained 
with  silver  nitrate  is  marked  l»y  a  black  cross. 

Size,, — The  size  of  the  nerve-fibres  varies  (fig,  99);  it  is  said  that 
the  Bame  fibres  may  not  preserve  the  same  diameter  through  their  whole 
length.  The  largest  fibres  are  found  within  the  trunks  and  branches  of 
the  spinal  nerves,  in  which  the  majority  nieasure  from  14,4/1  to  19/j  in 
diameter.  In  the  so-called  visceral  nerves  of  the  brain  and  spinal  cord 
medu Hated  nerves  are  found,  the  diameter  of  which  varies  from  1,8/j  to 
.3.6;*.  In  the  hypoglossal  nerve  they  are  intermediate  in  size,  and  gene- 
niUy  measure  7,3/^  to  10.8,'t, 

Non-meduUated  Fibres. — The  fibres  of  the  second  kind  (fig.  98) 
which  are  also  called  /^n\y  tj/"  7iVm<7^*,  constitute  the  principal  part  of 
the  trunk  and  branches  of  the  sympathetic  nervesy  the  whole  of  the 
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olfactory  nerve,  and  are  mingled  in  Tarious  proportions  in  the  cerebnv 
epirml  nerves.  They  differ  from  the  preceding  chiefly  in  their  fineneig, 
being  only  about  ^  to  ^  as  large  in  their  course  within  the  trunks  ind 


•V/ 


C^i 


FfK.  IQQ.— Tnuwrerae  section  of  the  adfltlc  nervi^  of  a  cat  about  y 
ifitculO  of  merve-tkbtm  eiDsbeathed  In  a  flbxtKUi  Biipp>ortJni;  capsule,  ' 


I  Aapecial  sheath  (not  AilAcleDtly  marlied  o«t  fmni  tli<*  tyiineurium  in  - ) or, 

B;  the  nerveii^flbres  N  /  are  Mpiutiied  from  one  another  bv  endoneuritun  ;  L,  tyva\ 
artery;  V»  veto;  F,  fat    Soinewhai  diagrammatic.    (V.  D,  Harrlifl.) 


branches  of  the  nerves;  in  the  absence  of  the  double  contour;  in  their 

contents  being  apparently  uniform;  and  in  their  having,  when  in  bun- 
dles, a  jelloMiBh-gray  hue  instead  of  the  whiteness  of  the  cerebro-spinai 


Pl(r.  101.— 8i*TrtraI  flbrpf!  of  a  bundle  of  medullau^d  nerve-fibres  acted  upon  by  KilTer  nitrue  to 
show  |»eciiiliar  Ix'liavior  of  uoded  r>f  Ranvier.  N,  towani  thla  ma^etat.  The  silvi^r  has  penetrated  at 
the  ncjMJes,  aad  haa  fltaiiied  ihc  axis-cy Under,  M,  for  a  nhort  dtHtonce.  S,  the  white  subatanioe. 
(Klein  and  Noble  Hmlthj 

nerves.     These  peculiaritiee  depend  on  their  not  possessing  the  outer 

layer  of  medullary  substance;  their  contents  being  composed  exchisively  i 

of  the  axis-cylinder.     Yet,  since  many  nerve-fibres  may  be  found  which  i 

appear  intermediate  in  character  between  these  two  kinds,  and  since  the  i 
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large  fibres,  as  they  approach  both  their  central  and  their  peripheral 
end,  lose  their  medullary  sheath  and  assume  many  of  the  other  charac- 
ters of  the  fine  fibres  of  the  sympathetic  system,  it  is  not  necessary  to 
suppose  that  there  is  any  material  difference  in  the  two  kinds  of  fibres. 
The  non-medullated  fibres  frequently  branch. 

It  is  worthy  of  note  that  in  the  foetus,  at  an  early  period  of  develop- 
ment, all  nerve-fibres  are  non-medullated. 

Nenre-trunks. — Each  nerve-trunk  is  composed  of  a  variable  num- 
ber of  different-sized  bundles  (funiculi)  of  nerve-fibres  which  have  a 
special  sheath  (perineurium).  The  funiculi  are  inclosed  in  a  firm  fibrous 
sheath  {epineurium);  this  sheath  also  sends  in  processes  of  connective 


oCtlie 


Fis,108L- 
faeflbra. 


108L— 43iii^  branch  of  a  muscular  nenre  of  the  frog,  near  its  termination,  showing  divisions 


a.  Into  two;  6,  into  three,    x  860.    (KGlliker.) 


tissue  which  connect  the  bundles  together.  In  the  funiculi  between  the 
fibres  is  a  delicate  supporting  tissue  (the  endoneurium). 

There  are  numerous  lymph-spaces  both  beneath  the  connective  tissue 
investing  individual  nerve-fibres  and  also  beneath  that  which  surrounds 
the  funiculi. 

Every  nerve-fibre  in  its  course  proceeds  uninterruptedly  from  its 
origin  in- a  nerve-centre  to  near  its  destination,  whether  this  be  the 
periphery  of  the  body,  another  nervous  centre,  or  the  same  centre  whence 
it  issued. 

Bundles  of  fibres  run  together  in  the  nerve-trunk,  but  merely  lie  in 
apposition  to  each  other;  they  do  not  unite:  even  when  they  anas- 
tomose, there  is  no  union  of  fibres,  but  only  an  interchange  of  fibres 
b^w^B  the  apastpmpsing  funiculi.     Although  each  nerve-fibre  is  thus 
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single  and  undivided  through  nearly  its  whole  course,  yet  as  it  ap- 
proaches the  region  in  which  it  terminates,  individual  fibres  break  up 
into  several  subdivisions  before  their  final  ending. 

Nerve  Collaterals. — It  has  been  discovered  through  the  researches 
of  Golgi,  and  confirmed  by  the  further  studies  of  Cajal  and  other  an- 
atomists, that  each  individual  nerve-fibre  in  the  central  nervous  system 
gives  off  in  its  course  branches  which  pass  out  from  it  at  right  angles 
for  a  short  distance,  and  then  turn  and  run  in  various  directions.  Tlieee 
branches  are  called  collaterals.  They  end  in  fine,  brush-like  terniina- 
tions,  known  as  end-brusliesy  or  in  little  bulbous  swellings  which  ccme 
in  close  contact  with  some  nerve  cell  (fig.  103). 


71^.  lOS.— Terminal  ramlflcatiooB  of  a  oolUteral  bnuich  belonging  to  a  fibre  of  the  posterior 
column  in  lumbar  cord  of  an  embryo  calf. 


These  collaterals  form  a  very  important  part  of  the  nerve-unit.  At 
the  point  where  they  are  given  off,  there  is  usually  a  little  swelling  of 
the  neuraxon  proper. 

The  nervo-fibre  itself  continues  on  and  finally  ends  in  various  ways, 
according  to  its  function  and  the  organ  with  which  it  is  connected.  In 
the  nerve-centres,  that  is,  in  the  brain  and  spinal-cord,  the  different 
nerve-fibres  end  just  as  the  collaterals  do,  by  splitting  up  into  fine 
branches  which  form  the  end-hrushes.  Collaterals  of  the  nerve-fibres  and 
end-brushes  are  chiefly  found  in  the  nervous  centres.  The  nerve-fibres 
of  the  peripheral  nerves  end  in  the  muscles,  glands,  or  special  sensory 
organs,  such  as  the  eye  and  ear.  Here,  however,  some  analogy  to  the 
end-brush  can  also  be  discovered.  As  the  peripheral  nervorfibres  ap- 
proach their  terminations,  they  lose  their  medullary  sheath,  and  consist 
then  merely  of  an  axis-cylinder  and  primitive  sheath.  They  then  lose 
also  the  latter,  and  only  the  axis-cylinder  is  left.     Finally,  the  axis- 
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eylmder  breaks  up  into  its  elenientary  ^brillae,  to  eDd  in  various  ways  to 
he  dcficribed  later. 

Plexuses, — Atcsertain  parts  of  their  course,  nerves  form  plextiMs, 
ID  which  they  anastomose  with  each  other,  as  in  the  case  of  the  brachial 
and  lombir  pleirasesu  The  objects  of  such  interchange  of  fibres  are:— 
(d),  to  give  to  each  nerve  passing  off  from  the  plexiia  a  wider  connec- 
laoa  with  the  spinal  cord  than  it  would  have  if  it  proceeded  to  its  desti- 
Bsiion  without  such  com  niun  teat  ion  with  other  nerves.  Thus,  each 
MriB  by  the  vrideness  of  its  cod* 
motions  is  less  dependent  on  the 
iwtegrity  of  any  single  portion, 
whether  of  nerve-centre  or  of 
nerve- trunk,  from  which  it  may 
spring,  {b)  Each  part  supplied 
from  a  plexus  has  wider  relations 
wilb  Ibe  nerve-centres,  and  more 
«(Xtciiai?e  sympathies;  and,  by 
IB6UI8  of  the  same  arrangement, 
groopa  of  muscles  may  be  co- 
ordinated, every  member  of  the 
grcMip  receiving  motor  filaments 
from  the  same  parts  of  the  nerve- 
oeslre.  (r)  Any  given  part,  say 
a  limb,  is  less  dependent  upon  the 
integrity  of  any  one  nerve. 


Nerve-Cells. 


Flf.  lCMU.^Nerv«MoeU  with,  short  axto-cyim 
u  the  poitterior  horn  of  the  lumbu'  cora  of 


from 

embryo  cklf  measuring:  0.6&  cm. 


an 

(After  V.  Oe- 


The  nerre-cell  is  the  nodal  and 
lAportant  part  of  the  neuron,  and 
from  it  are  given  off  the  dendrites 
ami  axis-cylinder  process  or  nenr- 
axon.  It  oonsists  of  a  mass  of 
prolophuim,  of  varying  shape  and 
nn^  containing  within  it  a  nn- 
dena  and  nucleolns.  All  nerve- 
oeOa  give  off  a  number  of  proc- 

Mna  which  branch  out  in  various  directions,  dividing  and  sub- 
dividing  like  the  branches  of  a  tree,  but  never  anastomosing  with  each 
oiber  or  with  other  cells.  These  branches  are  what  have  already  been 
relerred  to  as  the  dendrites  of  the  celL  Tliey  were  formerly  called  the  pra- 
kpbumic  procsu^  (figa,  103a,  104).  It  i^  thos  seen  tliat  the  neuron  or 
Mnre-nnit  consists  of  a  number  of  subdivisions,  namely,  the  cell-body 
with  its  nacleos  and  nucleolus,  the  dendrites,  or  protoplasmic  processes, 
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and  the  nenraxonoraxis-cylioder  prooeas,  which  is  continue^]  on  to  form 
what  is  known  as  a  nerve-fibre.     The  nerve-cell  is  often  spoken  of  as  in- 


Fif^.  104.— Large  nerve  cells  with  procesweit,  from  the  ventral  comua  of  the  oord  of  man,  x  SO. 
On  the  ooU  at  the  right  two  short  procem^ea  of  the  oell-bodv  are  present,  one  or  the  other  of  which 
may  have  been  an  axis-cj'lioder  process  (DeiterH).  A  simiJar  process  appears  also  on  the  cell  at 
theleft. 

eluding  the  cell-body  and  its  dendrites  and  the  axis-cylinder  process  for 
a  short  distance.     Strictly  speaking,  however,  the  name  should  be  ap 


Fig.  104a.— Multipolar  nerve-cell  of  the  cord  of  an  embryo  calf. 

plied  only  to  the  body  of  the  cell.      The  nerve-cell  is  provided  with  a  very 
large  round  nucleus  in  which  one  or  more  nucleoli  are  visible   (fig.  104). 
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be  protoplasm  of  the  cells  is  shown  hj  various  dyes  to  be  striated  or  re- 

ictilated.      The  network  which   makes  up  this  cell-body  stains  more 

iidily  with  certain  dyes  and  is  called  chr(mtoi}hihe.     The  njaterial  which 

Ills  in  the  spaces  between  the  network  of  the  cell-body  is  called  the  para- 

\plasm.      The  cells  often  contain  deposits  of  yellowiah-brown  pigment 

[(ltg<  105).     Thenuclensof  the  cell  is  eonietimea  reticulated.     Within  the 

tinclens  is  sometimes  seen  a  nucleolus,  and  within  the  nucleolus  are 

bright  8pots,  which  arc  known  as  nucleolules. 

Nerve-oella  are  not  geuerulJy  present  in  nerve-trunk s^  but  are  found 


,.-*«« 


A 


F%.  iCIK.--Oeillor  the  Mitertor  horn  of  thehuniao  xplo&lt.'ord,  stiUtied  by  Ninr*  Mc>tho<l    f  After 

in  collections  of  nerrous  tissue  called  f/mt(/lia.     They  vary  considerably 
in  shapey  »izey  and  struciurfl  in  different  situations. 

a.  Some  nerve-cells  are  small,  generally  spherical  or  ovoid,  and  have 
a  regular  uninterrupted  outline.  These  mnf/le  fierve-eells  are  most  nu- 
merous in  the  sympathetic  ganglia ;  each  is  inclosed  in  a  nucleated  eheatb. 
b.  Others  (fig.  105a)  are  larger,  and  have  one,  two,  or  more  long  proc- 
esses issuing  from  them,  the  cells  being  called  respectively  unipolar^ 
bipolar^  or  muUipolary  whicli  processes  often  divide  and  subdivide,  and 
appear  tubular  and  filled  with  tl»e  same  kind  of  granular  material  that  is 
contained  within  the  cell  These  proceesesare  the  dendrites.  Generally 
only  one  process  from  each  cell  is  continuous  with  a  nerve-fibre,  the 
prolongation  from  the  cell  by  degrees  assuming  the  characters  of    the 
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nenre-fibre  with  which  it  h  continuoas.  This  procesB  is  the  oenraion. 
In  bipolar  oelli  one  pole  may  be  coDtinQOUs  with  a  medullated  fibre^  and 
the  other  with  a  noo-roedallated  one,  or  both  poles  niay  pa^  ioto  fibm 
of  the  one  or  the  other  kiod. 

Ganglion-celli  are  generallj  incloeed  in  a  transparent  membranoai 
capsnle  similar  in  appearance  ta  the  external  nucleated  sheath  of  cerre- 
Bbres;  within  thia  capgnle  is  a  layer  of  small  flattened  cells. 

The  proceas  of  a  nerve-cell  or  nenraxon  which  becomea  continnooa 
with  a  nerre-fibre  is  always  nnbranched  as  it  leaves  the  cell.  It  at  tni 
has  all  the  characters  of  an  axis-cylinder,  but  soon  acquires  a  medullarj 


Uobriuiched  process  or  iimir«xon 


IOQa.— Am  faolAt«il  symjmthetlc  e&nj^Uon-c«il  of  man.  showing  Ahe^th  with  nucleated'OBB 
A.  Oanf^Iion-eelK  with  mieleiui  Add  nutileolus.    C  Brmochffd  process  or  deodrite.    D. 
tKey  &od  Hetiduiij     X  750, 


sheath^  and  then  may  be  termed  a  nerve- fibre.  Thia  continuity  of  nerve- 
cells  and  fibres  may  bo  readily  traced  out  in  the  anterior  cornna  of  the 
gray  matter  of  the  spinal  cord.  In  many  large  branched  nerve -eel  Is  a 
difltinctly  fibrillated  appearance  ia  obaervable;  the  fibrillse  are  probably 
continuous  witli  tlioso  of  tlio  axis-cylinder  of  a  nerve. 

Other  points  ia  the  structure  of  nerve-cells  will  be  mentioned  tinder 
the  account  of  the  central  nervous  system. 


Nerve  Terminations. 


« 


d 


Nerve-fibres  terminate  peripherally  in  four  different  ways;     1,  by  the 
terminal  subdivisions  which  pass  in  between  epithelial  cells,  and  are 


ana  are  ■ 


THE  8TBUCTURB  OF  THE   ELEMENTARY  TISSUES. 


101 


known  as  inter-epithelial  arborizations;  2,  by  motor-plates  which  lie  in 
fhe  muscles;  3,  by  special  end -organs,  connected  with  the  senses  of 
sight,  hearing,  smell,  and  taste;  and,  4,  by  various  forms  of  tactile 
oorpnscles. 

1.  The  inter-epithelial  arborizations  form  a  most  common  mode 
of  termination  of  the  sensory  nerves  of  the  body.  The  nerve-fibres  pass 
to  the  sarface  of  the  skin  or  mucous  membrane;  they  then  lose  their  neu- 


Ylg.  106.— Sensory  nanre  terminatioiui  in  stratifled  pavement  epithelium. 
siu8.>    Qoiffi'B  rapid  method. 


(After  G.  Ret- 


rilemmaand  myeline  sheath,  the  bare  axis-cylinder  divides  and  subdi- 
Tides  into  minute  ramifications  which  pass  among  the  epithelial  cells 
of  the  skin  and  mucous  membrane.  In  the  various  glands  of  the  body 
this  form  of  termination  also  prevails.  The  hair-bulbs,  the  teeth,  and 
the  tendons  of  the  body  are  supplied  by  this  same  process  of  terminal 
arborization  (figs.  106,  107). 

2.  The  motor-nerves  passing  to  the  muscles  end  in  what  are  known 


V\g.  107.— Sensory  nerve  terminations  in  the  epithelium  of  the  mucosa  of  the  inferior  vocal 
. .  fd  and  In  the  ciliated  epithelium  of  the  subglottic  region  of  the  larynx  of  a  cat  four  weeks  old. 
CAfCer  Q.  Retains. )  Oolgl's  rapid  method,  n,  Nenre-flbres  rising  from  the  oonnectiTe-tissue  layer 
IbIo  the  epithelial  layer,  where  they  terminate  in  ramified  and  free  arborizations. 


as  tnuscle-plateSy  the  details  of  whose  structure  have  been  already  de- 
acribed. 

3.  The  special  sensory  end-organs  will  be  described  later  in  the 
chapter  on  the  Special  Senses. 

4.  A  fourth  form  of  termination  consists  of  corpuscles  that  are  more 
or  less  encapsulated,  and  these  are  known  as  the  corpuscles  of  Pacini,  the 
tactile  corpuscles  of  Meissjier,  the  tactile  corpuscles  of  Krause^  the  tactile 
menisques  and  the  corpuscles  of  Gblgi. 
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The  Pacinian  bodies  or  corptisclee  (figa.  108  and  109),  nanied  after 
their  ilJHCoverer  Pacini,  also  called  eorpuscU^  of  Vaioi\  are  little  eion- 
gnted  oval  bod ie8»  situated  on  some  of  thecerebro-spinal  and  sjmpathetio 
nerves,  especially  the  cutaneous  nerves  of  the  hands  and  feet;  and  on 
branches  of  the  large  synipatbetir  plexus  about  the  abdoTninal  aorta. 
They  often  occur  also  on  the  nerves  of  the  mesenter}*,  and  are  especial]? 
well  seen  even  by  the  naked  eye  in  the  mesentery  of  the  cat.  They  have 
been  observed  also  in  tlie  pancreas,  lym- 
plmtic  glands,  and  thyroid  glands,  as 
well  as  in  the  penis  of  the  cat.  Each 
corpuscle  ia  attached  hy  a  narrow  pedicle 
to  the  nerve  on  which  it  is  Hitiiated, 
and  is  formed  of  several  con cen trio 
Uyers  of  fin©  membrane,  consisting  of  a       / 


Fig,  108. 


fMjT.lOO* 


T\g^  108  —Extremities  of  n  oerve  of  the  finger  with  Fadntan  corpusclea  att«4died,  aboot  tli 
EiBlural  siw*  {twlaptM  from  llenle  and  K5lHker>. 

Fig.  109.— Pacininn  tvjtimscle  of  the  c^i'b  meaemterj^  Tin?  stalk  coiiKiBt«  of  a  nerve-fibre  ♦T) 
witli  its  tinick  otjt^^r  sheath.  The  peripheral  capaulea  of  t.tie  Faciniao  corpuEcie  are  oontlixiKiiis  willi 
tbe  miter  aheat  ia  of  the  stal  \l.  Tbe  iDtemifMUarf  part  beoonie*  Dm«.'  h  n arr«>wer  ti  ear  Uie  eoowice  trf 
the  axi&^llndt^r  into  the  clear  oeatral  tnaas.  A  hook-{ihA[ied  termination  with  the  end>1rolb  CO  ^ 
teem  ia  the  upper  part.  A  blcM^l-ve**l  rV)  ent4>rs  the  PaciaLan  corpuacie,  and  approaches  thm  «ad- 
buth  ;  It  po«Ht^»»e8  a  sheath  whicti  is  the  contjuuation  of  tlie  peripheral  cap«iiW  of  tbe  FadallB 
corpuaeie.     a  IW-    iTvlein  and  Nohle  Stuitli.) 

hyaline  ground  membnine  with  connective-tiesne  fihres,  each  layer  being 
lined  by  endotheliiiui  (tig.  109)  ;  through  its  pedicle  passes  a  single  nerve- 
fibre,  which,  after  traversing  the  several  concentric  layers  and  their 
immediate  spaces,  enters  a  ceotral  cavity  and,  gradually  losing  its  dark 
border  and  becoming  smaller,  terminates  at  or  near  the  distal  end  of  the 
cavity,  in  a  knob-like  enlargeoient  or  in  a  bifurcation.     The  enlarge- 
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it  oommoDly  found  at  the  eod  of  tlie  fibre  is  saitl  by  Pacini  to  re- 
ible  a  ganglion  corpuscle;  but  this  observation  has  not  been  confirmed^ 
In  some  cases  two  nerves  have  been  seen  entering  one  Pacinian  body, 
ad  in  others  a  nerve  after  paaaing  unaltered  through  one  haa  been  ob- 


wW^g.  IKK— Summit  of  a  PadDfan  cor|Miflcl«  of  th«»  human  flDfrpr,  !^o«-1nj?thc  eTidotbeIls]meinbraii«a 
Ijnjnff  Ih©  OAp«iulea,      >   2d<j.     ( Klein  and  Nr»Mo  Snillh.) 

ervetl  to  terminate  in  a  second  Pacinian  corpuscle.      The  physiological 
iport  of  these  bodies  is  still  obscure. 
2.  The  tactile corptisclee  of  Meissner  (figs.  Ill,  112)  are  found  in  the 


Tig^  HI.— A  touch -corpiiMf*  of  Meissner,  from  the  mkin  of  the  human  1 


apillfe  of  the  skin  of  the  fingers  and  toes,  or  among  its  epithelium.  They 
'may  be  simple  or  compound.     When  simple  they  are  small,  slightly  flat- 

lened  transparent  bodies  composed  of  nucleated  cells  enclosed  in  a  cap- 
riule.  When  compound,  the  capsule  contains  several  small  cells.  The 
[  corpuscles  are  aboi^t  j^tt  ^^  ^^  ^^^^   long  to  -^hr  ^^  ^^^  '^^**  wide.     The 

Uerve-fibre  penetrates  the  corpuscle,  loses  its  myeline  sheath,  and  divides 
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and  stibdivtdes  to  form  a  series  of  arborizatioDS^  more  or  leas  disiinct 
and  destined  for  the  different  parts  of  the  corpuecle.  The  terminal  ir- 
borizations  occupy  the  central  part  of  the  corpuscle,  and  are  surroonded 
by  a  great  number  of  marginal  cells.     The  touch,  or  tactile  corpoaolei 


Wig,  11«.— PaplUffi  from  the  skin  of  the  tiMid,  freed  from  ^  and  exhiWtltyc  tactile  eor^ 

posdes.    A.  Biwplv  i^uWb.  ufth  four  oerre-flbrefl;  a,   tii<  :  Ifs:  h,  nerres  with  wliMUat 

ibrai  0  itnd  f.    b.  PftpiM*  tn^ied  wliii  aeeUo  acW;  a.  corn-  uli  ct^lla  and  One  n^mmic  lOtr 

neati;  b,  tactllt^  cDr||juiicl<*  wHh  trativc»n»e  nuclei;  c^  eotvriti^  m^rvi"  iK-ltti  neiirileaima or  periaei* 
litim ;  d  and  « ,  m^Tv^'tibnm  wiudin^  rooiid  tbe  corpu»cl«*    X  w.    (KttlUker ) 

of  Meisaner,  have  been  regarded  at  one  time  aa  epithelial,  at  another 
time  as  nervous,  but  the_y  are  to-day  proved  to  be  meeodermic  cellos,  ami 
differentiated  for  the  special  purpose  of  the  sense  of  touch  (Dejeriue). 


FIsr.  115.— Eod-biilh  of  Kniuse.    a,  WtKl«nnte<i  n**rv©-fibr^;  R»  capnule  of  eo3 


3.  The  Corpuscles  of  Krause  or  End-Bulbs. — These  exist  ia ' 
great  numbers  in  tbe  conjunctiva,  tbe  gkns  penis,  clitoriB,  lips,  skiu, 
and  tendon  of  man;  they  resemble  the  corpuscles  of  PaciDi,  but  hare 
much  fewer  concentric  layers  to  the  corpuscle,  and  contain  a  relativelj 
Yoluminous  central  mass  composed  of  polyhedral  cells.     In  man  these 
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oorpuBoles  are  spherical  in  shape,  and  receive  many  nervous  fibres  which 
wind  through  the  corpuscle,  and  end  in  the  free  extremities  (fig.  113). 

4.  Tactile  Menisques. — Indifferentregionsof  theskinof  man,  one 
meets,  in  the  superficial  layers  and  in  the  Malpighian  layers,  nerves 
which,  after  having  lost  their  myeline  sheath,  divide  and  subdivide  to 
foim  extremely  beautiful  arborizations.  The  branches  of  these  arboriza- 
tioDB  are  flattened  down,  forming  the  tactile  menisques.  These  men- 
isques, which  simulate  the  form  of  a  leaf,  represent  a  mode  of  terminal 
nervous  arborization  (Banvier). 

5.  The  corpuscles  of  Oolgi  are  small  terminal  placques  placed  at  the 
union  of  tendons  and  muscles,  but  belonging  more  properly  to  the  tendon. 


1%.  114.~A  termination  of  a  medullated  nerve-fibre  in  tendon,  lower  half  with  convoluted  medul- 

lated  nerve-fibre.    (Oolgi.) 

They  are  fusiform  in  shape  and  are  flattened  upon  the  surface  of  the 
tendon  close  to  its  insertion  into  the  muscular  fibres.  They  are  composed 
of  a  granular  substance,  enveloped  in  several  concentric  hyaline  mem- 
branes which  contain  some  nuclei.  The  nerve-fibre  passes  into  this 
little  corpuscle,  splitting  itself  up  into  fine  terminals.  The  corpuscles 
of  Golgi  are  believed  to  be  related  to  the  muscular  sense  (fig.  114). 

In  addition  to  the  special  end-organs,  sensory  fibres  may  terminate  in 
plexuses,  as  in  the  sub-epithelial  and  intra-epithelial  plexus  of  the 
cornea. 

The  Neuroglia. 

The  neuroglia,  while  not  a  nervous  tissue,  is  closely  mingled  with  it 
and  forms  an  important  constituent  of  the  nervous  system.  It  consists 
of  cells  giving  off  a  fine  network  of  richly  branching  fibres.  Neuroglia 
was  at  one  time  considered  to  be  a  form  of  connective  tissue,  and  it  is 
in  its  functions  strictly  comparable  to  the  connective  tissue  which  sup- 
ports the  special  structures  of  other  organs,  like  the  lungs  and  kidney 
(fig.  116).  It  is,  however,  derived  from  the  epiblastic  cells,  i.e.,  the 
same  cells  from  which  the  nerve-tissue  proper  also  develops.  In  the 
adult  animal  the  neuroglia-tissue  is  composed  of  cells  from  which  are 
given  off  immense  numbers  of  fine  processes.     These  extend  out  in  every 
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direction,  and  intertwine  among  the  nerve-fibres  and  nerve-cells  (fig.  115). 
The  neuroglia-cell  differs  in  sise  and  shape  very  much  in  different  parts 


Fijr.  nS-Neurofifliacvllainthecorrtofanadultfroff.  CAft«»r  a.  Sala.)  ^:  Ep»dviM  cej 
with  theirperiplieral  extremities  atrophied  and  ramffle*!:  B,  C.  D,  neurofrlia  c*-Jl»  in  diffemit  dp- 
gives  of  emifTi'ation  and  eparition  fr-ni  the  ependymal  canal;  their  central  extpemtty  ts  auo- 
Bhietl  and  much  contracted:  *hei  i»e-ipheral  extremity,  cm  the  other  hand,  is  grtmuy  exten-Jea; 
le  ramifications  of  tiie  latter  terminating  in  coofcal  buttons,  /,  end  under  the  pi*  mater. 


w,?^*^-2i?~^"'^^'5°*^?'^^^°®"'"'^J^"**^"^    'After  T.Gehuchten.)    6,  Neuroglia  cells  of  the 
whit«'  Kiibstauce,  and  c,  of  the  gray  subetam^e  of  the  cord  of  an  embryo  calf. 
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of  Um  narroiw  qritam  in  aooordance  with  the  anrangement  of  the  nerr- 
ou  linictiirM  about  it  The  oell  is  oompoead  of  gnuralar  protoplasm, 
and  lyitig  in  it  Is  a  krge  Dueleus^  within  which  is  a  nQoleolns.  The 
body  of  the  call  it  small  in  atnonnt  and  pro|K)rtioti  to  the  iiQoleQS. 

Weigert  has  ghowo  tbut  the  processes  of  the  nearoglia-oella  branch 
and  prcdong  th^^maehefl,  formiiig  m  mauj  places  an  extremely  thick  net- 
work. These  proceases  become  changed  JQ  their  chemical  and  phyncal 
characttrij,  ho  that  they  take  a  different  gtnin  from  that  of  the  cell-body 
itself,  aQ<l  they  thus  form  a  really  separate  structure,  distinct  almost 
from  tht^  R!<ithfT  rf'11,  jiTj^t  a>^  the  nni^cle  ihsne  is  distinct  from  its  origi- 
nal oell-protoptaam,  or  just  as  the  substance  of  cartilage  is  distinct  from 
its  original  cell-body.  While  nearoglia-tissoe  is  distributed  thronghout 
the  whole  of  tbenenroaa  oentrea,  it  is  especially  deposited  in  certain  places. 
It  is  found  around  tiMi  central  canal  of  the  spinal  cord,  and  •  upon  the 
■nperficial  aor&ce  of  the  qiinal  cord.  It  was  formerly  thought  to  com- 
pose part  of  the  gelatinoas  sufaatanoe  of  Bolando  in  the  spinal  cord,  but 
this  baa  been  ahown  by  Weigert  not  to  be  the  caae. 

In  the  brain  a  depodt  of  neuroglia  is  found  beneath  the  ependymal 
lining  of  the  Tentrides,  and  upon  the*  superficial  surface  of  the  gray 
matter  of  the  oortex  beneath  thepia  mater.  It  is  distributed  to  some  ex- 
tant in  all  parte  of  the  brain  and  apinal  cord,  but  is  not  found  in  the 
peripheral  nerrea. 


CHAPTER  ly. 


THE  CHEMICAL  COMPOSITION  OP  THE  BODY. 

Of  the  known  chemical  elements  of  which  about  sizty-seyen  hare 
been  isolated  no  less  than  seventeen  combine,  in  larger  or  smaller  quan- 
tities, to  form  the  chemical  basis  of  the  animal  body. 

The  substances  which  contribute  the  largest  share  are  the  non-me- 
tallic elements.  Oxygen,  Carbon,  Hydrogen,  and  Nitrogen — oxygen  and 
carbon  making  up  altogether  about  85  per  cent  of  the  whole.  The  most 
abundant  of  the  metallic  elements  are  Calcium,  Sodium,  and  Potassium* 

Few  of  the  elements,  however,  appear  free  or  uncombined  in  the  an- 
imal body.  They  are  generally  united  together  in  variable  proportions 
to  form  compounds.  The  only  elements  which  have  been  found  free 
in  the  body  are  oxygen,  nitrogen,  and  hydrogen,  the  first  two  in  the 
blood,  and  hydrogen  as  well  as  oxygen  and  nitrogen  in  the  intestinal  canal 

It  was  formerly  thought  that  the  more  complex  compounds  built  np 
by  the  animal  or  vegetable  organism  were  peculiar  and  could  not  be  made 
artificially  by  chemists,  and  under  this  idea  they  were  formed  into  a  dis- 
tinct class,  termed  organic.  This  idea  has  long  been  given  up,  but  the 
name  is  still  in  use  with  a  different  signification.  The  term  is  now 
applied  simply  to  the  compounds  of  the  element  carbon,  irrespective  of 
their  origin. 

A  large  number  of  the  animal  organic  compounds,  particularly  those 
of  the  albuminous  group,  are  characterized  by  their  complexity.  Many 
elements  enter  into  their  composition,  thereby  distinguishing  them  from 
simple  inorganic  compounds.  Many  atoms  of  the  same  element  occor 
in  each  molecule.  This  latter  fact  no  doubt  explains  the  reason  of  their 
inntahilUy,  Another  great  cause  of  the  instability  is  the  frequent  pres- 
ence of  nitrogen,  which  may  be  called  negative  or  undecided  in  its  affin- 
ities and  may  be  easily  separated  from  combination  with  other  elements. 

*  The  following  table  represents  the  relative  proportion  of  the  various  ele- 
ments. —  (Marshall. ) 

.08 
.    .        .026 

.01 
.    .         .0012 


Oxygeii 72.0 

CartHm 13.5 

Hydrogen  .9.1 

I^htrogen 2.5 

Calcium  .         .1.3 

Phosphorus  .         .         .    .       1.15 

Sulphur 1476 

Soaiuni 1 

Chlorine 085 


Fluorine         .... 

Potassium 

Iron 

Magnesium  .         .    . 

Silicon 

(Traces  of  copper,  lead,  and 
aluminium) 


100. 
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Animal  tiesiice,  cantaining  as  they  do  these  organic  nitrogenous  com- 

Dunds^  are  extremely  prone  to  undergo  decomposition.     They  also  con- 

mnch  water,  a  circumstance  very  favorable  to   the  breaking  op  of 

ich  sabfitances.     It  is  due  to  this  tendency  to  decomposition  that  we 

^eet  with  so  large  a  number  of  decompofiition  products  among  the  chem- 

gubstances  forming  the  basis  of  the  animal  body. 

The  various  substances  found  in  the  animal  organism  may  be  oouTen- 

nly  considered  according  to  the  following  classification:  1.  Organic 

Nitrogenoas  and  b.  Non- Nitrogenous,     2.  Inorganic, 

Organic  Substances. 

Nitrogenous  organic  bodiein  take  the  chief  part  in  forming  the  solid 
les  of  the  body,  and  are  found  also  to  a  considerable  extent  in  the 
Dulating  iuids  (blood,  lymph,  chyle),  the  secretions  and  excretions, 
iiey  often  contain  in  addition  to  C4irbon,  hydrogen,  nitrogen,  and  oxy- 
gen, the  elements  sulphur  and  phosphorus;  but  although  the  composition 
of  most  of  them  is  approximately  known,  no  general  rational  formula 
can  at  present  be  given. 

It  will  be  convenient  to  give  an  account  of  the  Proteida  and  Gelatins 
in  this  Chapter*  as  these  constitute  the  most  important  classes  of  nitro- 
genous organic  substances.  The  other  mem  hers  are  Uecomponiion  prod* 
nets,  the  chief  of  which  is  LTrea,  found  for  the  most  part  in  the  urine; 
W^mients;  Pigmsnts;  and  other  bodies  and  will  be  more  appropriately 
treated  of  later  on. 

Proteids  are  also  called  Albuminous  substances.  They  are  the  chief 
of  the  nitrogenous  orgimic  compounds  and  exist  in  both  plants  and  ani- 
mals, one  or  more  of  them  entering  as  an  essential  pirt  into  the  forma- 
tion of  all  living  tissue.  In  the  lymph,  chyle,  and  blood,  they  exist 
abundantly.  Very  little  is  known  with  any  certainty  about  their  chem- 
ical composition.  Not  a  single  member  of  the  class  has  yet  been  syn- 
thesized. Their  formula  is  unknown,  the  chemists  who  have  attempted 
to  construct  it  differing  very  greatly  among  themselves.  In  fact  the 
very  term  proteid  is  an  extremely  arbitrary  one.  It  simply  means  a 
body  which,  according  to  Hoppc*Seyler,  contains  in  its  molecule  the 
elements  Ciirbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur,  in  certain 
arbitrary  but  varying  amounts,  thus— Carbon,  from  5L5  to  54.5;  Hy- 
drogen, from  6,9  to  7.3;  Nitrogen,  from  15.2  to  17.;  Oxygen,  from 
^0.9  to  23.5;  Sulphur,  from  .3  to  2. 

■  Properties  of  Proteid^.^Proieids  are  for  the  most  part  amorphous 
ftnd  non-crystallizable.  Certain  of  the  vegetable  proteida  have,  it  is 
laid,  been  crystallized,  and  according  to  Hofmeister,  egg  albumin  is  also 
capable  of  crystallization.  They  possess  as  a  rule  no  power  (or  scarcely 
any)  of  passing  through  animal  membranes.     They  are  soluble,  but  un- 
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dergo  Altermtion  in  coropoiition  in  strong  acids  mod  alkalies;  some  are 
soluble  in  water,  others  in  neotrsl  saline  siriations,  some  in  dilute  acids 
and  alkalies,  few  in  alcohol  or  ether.  Thdr  solations  exercise  a  left- 
handed  action  on  fioLArized  light. 

The  hofie  tliat  it  maj  be  possible  in  the  inimediste  fate  re  to  synthe- 
«ize  proteidjt  in  rendered  all  the  weaker  because  of  the  extraordinary 
T&riety  of  comfiounds  obtained  bj  the  decomposition  of  proteids  by  va- 
rious chemical  methods,  the  compounds  differing  according  to  the 
metho^l  employefl.  In  the  body  it  seems  clear  that  liTing  proteid  is 
built  up  by  the  food  supplied  to  it,  which  necessarily  contains  proteid 
derivc'<i  either  from  a  vegetable  or  an  animal  source;  how  this  process 
taken  place  we  are  yet  unable  to  say.  In  the  course  of  later  chapters  in 
this  b«x>k  we  shall  endeavor  to  trace  the  steps  of  the  breaking  up  of  pro- 
teid ill  the  l>ody,  but  we  may  anticipate  by  mentioning  that  it  is  now 
generally  l>elieved  that  the  ultimate  products  of  this  decomposition  are 
ttrw,  a  Uxiy  the  forLiula  of  which  is  CO  (NHt)),  carbon  dioxide  and 
iratfr,  while  the  intermediate  substances  or  by  products  are  glycin 
((/J  Hs  NO2),  leucine  (Cdlis  XO2),  uric  acid,  and  possibly  carbohydrate 
IxidicH.  When  proteid  material  is  decomposed  by  putrefaction,  by  the 
action  of  chemical  resigents,  e.^., acids,  alkalies,  or  by  heat,  various  bodies 
arc  produced,  of  which  amido-acids  (acids  in  which  one  or  more  of  the 
hydrogen  atoms  of  the  ntdicle  of  the  acid  are  replaced  by  amidogen, 
N  11  j)  and  iKxlies  belonging  to  the  aromatic  or  benzene  series  predom- 
iuatcf.  Ilencc  it  comes  that  various  theories  of  the  way  in  which  pro- 
tcidn  are  built  up  have  arisen.  The  one  which  has  appeared  to  have 
received  the  greatest  support  is  that  of  Latham.  This  observer  has 
suggested  that  proteid  may  be  considered  as  made  up  of  a  series  of 
njun'tilnthoh,  (bodies  obtained  by  the  union  of  any  aldehyde  with  hy- 
drcK^anic  acid)  with  a  benzene  nucleus.  Taking  ordinary  ethyl  alcohol, 
(11a,(:Ha,011,  jiH  the  type,  the  aldehyde  of  which  is  CHs.C HO,  the  cor- 
responding cvannlcohol  would  be  CIl8,Cn,CN,01£. 

Prot<M(is  give  certain  general  chemical  reactions.  They  are  a  little 
varied  in  the  case  of  each  particular  substance.  The  chief  of  these  are 
as  follows: 

i.  Xantho-Proteic  Reaction. — A  solution  of  any  proteid  boiled 
with  strong  nitric  acid  becomes  yellow,  and  the  cooled  solu- 
tion is  darkened  on  the  addition  of  ammonia.  In  some  cases 
there  is  first  of  all  a  white  coagulum  thrown  down  with  the 
a<'id;  this  speedily  becomes  yellow  on  boiling. 

ii.  Biuret  (Piotrowski's)  Reaction.— With  a  trace  of  copper 
sulphate  and  an  excess  of  potassium  or  sodium  hydrate  they 
giv(»  a  /ntrpfr  (<)r  rosf  red):  with  ammonia  instead  of  the 
tixed  alkalies,  a  (due  coloration. 
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iii.  Millon's  Reaction. — With  Millon's  reagent  (a  solution  of 
metallic  mercury  in  strong  nitric  acid),  they  give  a  white  or 
pinkish  clotted  precipitate,  becoming  more  pink  or  red  on 
boiling.  This  test  is  Siiid  to  be  due  to  the  presence  of  tyro- 
sine, an  aromatic  compound  in  the  proteid  molecule. 

iv.  Ammonium  Sulphate  Reaction.— They  are,  with  the  ex- 
ception of  peptone,  entirely  precipitated  from  their  solu- 
tions by  ssitumtion  with  ammonium  sulpliato. 

Many  of  the  proteids  give,  in  addition,  the  following  tests : 

V.  With  excess  of  acetic  acid,  and  potassium  ferrocyanide,  a  white 

precipitate, 
vi.  With  excess  of  acetic  acid  and  a  saturated  solution  of  sodium 

sulphate,  on  boiling,  a  white  precipitate.     This  test  is  often 

used  to  get  rid  of  all  traces  of  proteids,  except  peptones. 

from  solutions, 
vii.  Boiled  with  strong  hydrochloric  acid,  they  give  a  violet  red 

coloration, 
viii.  With  cane  sugar  and  strong  sulphuric  acid,  on  heating,  they 

give  a  purpliffh  coloration, 
ix.  They  are  precipitated  on  addition  of — citric  or  acetic  acid, 

and  picric  acid;  or  citric  or  acetic  acid,  and  sodium  tung- 

state;  or  citric  or  acetic  acid,  and  potassio-mercuric  iodide; 

and  with  many  other  metallic  salts  in  solution  and  by  alcohol. 

Varieties. — Proteids  are  divided  into  classes,  chiefly  on  the  basis  of 
their  solubilities  in  various  reagents.  Each  class,  however,  if  it  contains 
more  than  one  substance,  may  often  be  distinguished  by  other  proper- 
ties common  to  its  members.  Not  every  one  of  the  proteids  enumerated 
is  contained  in  the  animal  tissues,  some  are  used  as  food. 

(1.)  Native-AJbtimins, — These  substances  are  soluble  in  water  and  in 
saline  solutions,  and  are  coagulated,  i.e.,  turned  into  coagulated  proteid, 
on  heating. 

(2.)  Derived' Albumins, — These  are  soluble  in  acids  or  alkalies,  in- 
soluble in  saline  solutions  and  in  water,  and  not  coagulated  on  heating. 

(3.)  Glolnilins, — These  are  soluble  in  strong  or  in  weak  saline  solu- 
tions, in  dilute  acids  and  alkalies,  and  insoluble  in  water.  They  are 
coagulated  on  heating. 

(4.)  Proteoses, — These  are  soluble  in  water  and  dilute  saline  solutions, 
precipitated  by  saturation  with  magnesium  sulphate  or  else  with  ammo- 
nium sulphate;  precipitated  but  not  coagulated  by  alcohol;  precipitated 
by  nitric  acid,  the  precipitate  being  dissolved  on  heating,  and  reappears 
on  cooling,  not  precipitated  by  heat. 

(5.)  Peptones, — These  are  soluble  in  water,  saline  solutions,  acids,  or 
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aIJub«f :  ZAA  yr^afrjpxteuA  gb  MtsiBtioii  with  any  nentiml  salt;  thejan 

^:.i  F\br\%,^'\\  if  zz^MteUe  in  mier,  in  difaifca  nline  solntions,  or 
is  dii!2:«  acids  <yr  ftlluliee:  solnble  in  itrong  aline  aolntions  (partly)  and 
in  t^ztjZ;^  Midi :  lolo  t^  to  a  oeitain  extent  in  strong  saline  solutioni 
and  in  gaxtric  or  pancreAXic  flnids. 

(T.;  OjnmlntJid  ProUid*,^The^  are  of  two  rtiiwow,  either  coagulated 
bj  (a)  action  of/trmt%tf.  or  (b)  Aftf/.  These  are  soluble  only  in  gastric 
or  pancreatic  f  sidi,  forming  peptones^ 

(^.>  Lard^^in,  or  Amyloid  fub^tcnet. — ^This  body  is  generaUy  in- 
soluble,  eren  in  gastric  or  pancreatic  fluids  at  ordinary  temperatarea.  It 
gires  a  brovn  coloration  with  iodine. 

NatiTe-Albumins. — Of  natire-albumins  there  are  three  Tarieties: 
(aj  e^^  albamin;  'b)  serum-albumin;  and  (c)  cell-albnniin. 

Egg  Alhumin  is  contained  in  the  white  of  the  egg. 

When  in  solution  in  water  it  is  a  transparent,  frothy,  yellowish  fluid, 
neutral  or  slightlj  alkaline  in  reaction.  It  gires  all  of  the  general  pro- 
teid  reactions. 

At  a  temperature  not  exceeding  40'  C.  it  is  dried  op  into  a  yellowish, 
transparent,  glassy  mass,  soluble  in  water.  At  a  temperatnre  of  70^  C. 
it  is  coagulated,  i.e.,  changed  into  a  new  substance,  coagulcUed  proteii, 
which  is  quite  insoluble  in  water.  It  is  coagulated  also  by  the  prolonged 
action  of  alcohol;  by  strong  mineral  acids,  especially  by  nitric  acid,  also 
by  tannic  acid,  or  carbolic  acid:  by  ethers  the  coagulum  is  soluble  in 
caustic  soda. 

It  is  precipitated  without  coagulation,  t.tf.,  forms  an  insoluble  com- 
pound with  the  reagent,  soluble  on  remoTal  of  the  salt  by  dialysis,  with 
either  mercuric  chloride,  lead  acetate,  copper  sulphate  or  silver  nitrate, 
the  precipitate  in  each  case  being  soluble  in  slight  excess  of  the  reagent 

With  strong  nitric  acid  the  albumin  is  precipitated  at  the  point  of 
contact  with  the  acid  in  the  form  of  a  fine  white  or  yellow  ring. 

Serum-Albumin  is  contained  in  blood-scrum,  lymph,  serous  and  syn- 
ovial fluids,  and  in  the  tissues  generally;  it  may  be  prepared  from  serum 
after  removal  of  paraglobulin  bv  saturation  with  magnesium  sulphate, 
by  a  further  saturation  with  sodium  sulphate.  It  appears  in  the  urine 
in  the  condition  known  as  albuminuria. 

It  gives  similar  reactions  to  egg-albumin,  but  differs  from  it  in  not 
being  coagulated  by  ether.  It  also  differs  from  egg-albumin  in  not  be- 
in^  easily  precipitated  by  hydrochloric  acid,  and  in  the  precipitate  being 
easily  soluble  in  excess  of  that  acid.  Senim-albumin,  either  in  the  co- 
agulated or  precipitated  form,  is  more  soluble  in  excess  of  strong  acid 
than  ogg-albumin. 

Derived-Albumins.— There  are  three  substances  belonging  to  this 
class,  a,  Acid-Albumin;  b,  Alkali- Albumin ;  and  c,  Caseinogen. 
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Acid' Albumin, — Acid-albumin  is  tiKido  byinhling  small  quantities  of 

lute  acid  (of  whioh  the  bt?at  is  hydruchloric,  A  per  cent  to  I  jier  ct^nt), 

either  egg-  or  seruiii-filbumin  diluted  with  five  to  ten  times  its  bulk 

water,  and  keeping  the  solution  at  a  temperature  not  higlier  than  50"* 

for  not  less  than  half  an  hour.     It  nnij  also  be  made  by  dissolving 

jkted  native-iilbiimin  in  strong  acid,  or  by  dissolviDg  auy  of  the 

lobulins  in  acids. 

It  is  not  coagulated  on  heating,  but  on  exadhj  neutralizing  the  aolu- 

in  a  flocculont  precipit;ite  is  produced.     This  maybe  shown  by  adding 

the  acid-albumin  solution  a  little  aqueous  solution  of  Htmus,  and  then 

]ding»  drop  by  drop,  a  weak  solution  of  caustic  potash  from  a  burette, 

iTitil  the  red  color  disapfiears.     1'be  precipitate  is  the  derived-albumin. 

^1  is  soluble  in  dilute  acid,  dilute  alkalies  and  dilute  solutions  of  alka- 

iue  carbonates.     The  solution  of  acid-albumin  gives  the  proteid  tests. 

|!*he  substance  itself  ts  coagulated  by  strung  acids,  <v;,,  nitric  acid,  and 

strong  ah'obol;  it  is  insoluble  in  distilled  water,  and  in  neutral  sa- 

ae  solutions;  it  is  precipitated  from  its  solutions  by  saturation  with 

Kiium  chloride.     On  boiling  in  lime-water  it  is  partially  coagulated, 

id  a  further  precipitation  takes  place  on  addition  to  the  boiled  solution 

'  Cfileium  chloride,  magnesium  sulphate,  or  sodium  chloride. 

Alknfi'Alhumiit. —  If  solutions  of  native-albumin,  or  coagulated  or 
ther  proteid,  be  treated  with  dilute  or  strong  fixed  alkali,  alkali-albu- 
liti  is  produced.     Solid  alkali-albumin  may  also  he  prepared  by  adding 
iustic  sodii  or  potash,  drop  by  drop,  to  undiluted  egg-albumin,  until 
tie  whole  forms  a  jelly.     This  jelly  is  soluble  in  dilute  alkalies  on  boil- 
ig.     A  solution  of  alkali-albitmin  gives  the  tests  corresponding  to  those 
acid-albumin.     It  is  not  coagulated  on  heating.     It  is  thrown  down 
neutralizing  its  solution,  except  in  the  presence  of  alkaline  phos- 
phates^ in  which  ease  the  solution  must  be  distinctly  acid  before  a  pre- 
itpitate  falls. 

To  differentiate  between  Acid-  and  Alkali-Albumin,  the  following 

method  may  be  adopted.     Alkali-albumin  is  nrd  precipitated  on  exaei 

aeutnilization,  if  sodium  phosphate  has  been  previously  added.     Acid- 

Ibumin  is  precipitated  on  exact  neutrftlization,  whether  or  not  sodium 

phosphate  has  been  previously  added. 

CtrMPiNw/en. — Caseinogun  is  the  chief  proteid  of  milk,  from  which  it 
■ay  be  prepared  by  the  following  process:  The  milk  should  be  diluted 
ritb  three  to  four  times  its  volume  in  water,  sufheient  dilute  acetic  acid 
should  then  be  added  to  render  the  solution  distinctly  acid,  and  the 
casein ogen  which  is  thrown  down  may  be  separated  by  filtration.  It  may 
then  be  washed  with  alcohol  and  afterward  with  ether,  to  free  it  from  fat. 
Caseinogen  may  also  be  prepared  by  adding  to  milk  an  excess  of 
crystallized  magnesium  sulphate  or  sodium  chloride,  either  of  which 
^■ftlt  causes  it  to  separate  out. 


^^e 

F' 

^ih 

^ 


8 


lU  HANDBOOK   OF  PHT8I0L0GT. 

CafeiDogen  gires  much  the  emme  tests  as  alkali-albumiu.  It  U  solo- 
Ue  in  dilute  acid  or  alkalies;  it  is  reprecipitated  on  neutralization,  but 
if  potaeeinin  phosphate  be  present  the  solution  must  be  distinctly  acid 
before  the  caseinogen  is  deposited. 

Globulins. — The  globulins  give  the  general  proteid  tests;  are  ingol- 
ttble  in  water;  are  soluble  in  dilute  saline  solutions;  are  soluble  inacidt 
and  alkalies  forming  the  corresponding  deriTed-albumin. 

Most  of  them  are  pre<;ipiuted  from  their  solutions  by  saturation 
with  solid  sodium  chloride,  magnesium  sulphate,  or  other  neutral  salt 
They  are  coagulated,  but  at  different  temperatures,  on  heating. 

(jlobuJin  or  Cry^ftaUin, — It  is  obtained  from  the  crystsiUine  lens  by 
rubbing  it  up  with  jHiwdered  glass,  extracting  with  water  or  with  dilute 
saline  solution,  and  by  passing  through  the  extract  a  stream  of  carbon 
dioxide.  It  differs  from  other  globulins,  except  vitellin,  in  not  being 
precipitated  by  saturation  with  sodium  chloride. 

Myosin. — The  relation  of  myosin  to  living  muscle  will  be  considered 
under  the  head  of  the  physiolog}*  of  muscle.  It  may  however  be  pre- 
pared  from  dead  muscle  by  removing  all  fat,  tendon,  etc.,  and  washing 
repeatedly  in  water,  until  the  ni ashing  contains  no  trace  of  proteids, 
mincing  it  an<l  then  treating  with  10  per  cent  solution  of  sodium  chlo- 
ride, or  similar  solution  of  ammonium  chloride  or  magnesium  sulphate, 
which  will  dissolve  a  large  portion  into  a  viscid  fluid,  which  filters  with 
difficulty.  If  the  viscid  filtrate  be  dropped  little  by  little  into  a  large 
quantity  of  distilled  water,  a  white  flocculent  precipitate  of  myosin  will 
occur. 

It  is  soluble  in  10  per  cent  saline  solution;  it  is  coagulated  at  60°  C. 
into  coagulated  proteid ;  it  is  soluble  without  change  in  very  dilute  acids; 
it  is  precipitated  by  picric  acid,  the  precipitate  being  redissolved  on  boil- 
ing: it  may  give  a  blue  color  with  ozonic  ether  and  tincture  of  guaiacnm. 

ParafjlobiiUn, — Paniglobulin  is  contained  in  plasma  and  in  sernm, 
in  serous  and  synovial  fluids,  and  may  be  precipitated  by  saturating 
plasma  after  removal  of  fibrinogen  or  serum  with  solid  sodium  chloride 
or  niagiieBium  sulphate,  as  a  bulky  flocculent  substance  which  can  be 
removed  by  filtration. 

It  may  also  be  prepared  by  diluting  blood  serum  with  ten  volumes  of 
water,  and  passing  Ciirbonic  acid  gas  rapidly  through  it.  The  fine  precip- 
itate may  be  collected  on  filter,  and  washed  with  water  containing  car- 
bonic acid  gas. 

It  is  very  soluble  in  dilute  saline  solutions  (5  to  8  per  cent),  from 
which  it  is  precipitated  by  carbonic  acid  gas  or  by  dilute  acids;  its  so- 
lution is  coagulated  at  70"^  C;  even  dilute  acids  and  alkalies  convert  it 
into  acid-  or  alkali-albumin. 

Fihrinoyen. — Fibrinogen  is  contained  in  blood-plasma,  from  which  it 
may  be  prepared  by  addition  of  sodium  chloride  to  the  OJitent  of  13  per 
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It  may  also  be  prepiirt'd  jfrorii  hydrocele  fluid  ur  from  other  eerous 
i&udatitiii  by  a  similar  method. 

Its  general  reactions  are  simibr  to  those  of  paraglobulin;  its  solution 
coagulated  at  D2^-bb''  V,     lu  characterigtic  property  is  that,  under 
LTtaiii  coriditioiis,  it  forma  fibriiL 

llfclliiu—ViiGWin  is  prepared  from  yolk  of  egg  by  wusliiug  with 
|iher  until  all  the  yellow  nicitter  has  been  removed.  The  residue  is 
li&solved  ill  10  per  eent  siiline  solution,  fdtered,  and  poured  into  a  lar'ie 
quantity  of  distilled  water.  The  preeipilate  which  falls  is  im|>ure  vitel- 
in.  It  gives  the  sanw  tests  as  myosin*  b«it  is  not  precipitated  on  satu- 
itioii  with  sodium  chloride;  it  coagulates  between  70''  and  83°  0. 
filohi/t. — Is  the  proteid  residue  of  hiemoglobin. 

Proteoses  are  intermediate  substances  of  the  digestion  of  other 
proteids,  the  ultimate  proilnct  of  which  is  peptone. 

Peptones.— Peptone  is  formed  by  the  action  of  the  digestive  fer- 
lentB,  pepsin,  or  trifpsin^  on  other  proteids,  and  on  gelatin.     They  wil 
considered  in  connection  with  the  physiology  of  digeetioD,  as  will  also 
the  intermediate  com  pounds. 

Fibrin.— Fihrin  can  be  obtained  as  a  soft,  white,  fibrous,  and  very 
stic  substance  by  whi[iping  blood  with  a  bundle  of  twigs,  and  washing 
the  adhering  ntass  in  a  stream  of  water  until  all  the  blood -coloring  mat- 
ter is  rem o veil. 

Coagulated  proteids  are  formed  by  the  action  of  heat  or  of  fer- 
*ments  upon  other  proteids;  the  tempemturo  necessary  to  produce  coug- 
^ulatioTj  varying  in  the  manner  previously  indic4ited.  They  may  also  be 
^■praduceii  by  the  prolonged  action  of  alcohol  upon  proteids,  Tliey  are 
^Koluble  in  strong  acids  or  alkalies;  slightly  so  in  dilute;  are  soluble  in 
^f  digestive  fluids  (gastric  and  pancreatic).  Are  insoluble  hi  saline  solu- 
tions. 

Lardacein  is  found  in  organs  which  are  the  seat  of  amyloid  degen- 
eration.    It  is  insoluble  in  dilute  acids  and  \^Ty  slightly  in  gastric  juice 
^LAt  the  temperature  of  the  body.     It  is  colored  brown  by  iodine  and   blu- 
l^ish-pink  by  methyl  violet.     Ijardacein  is  now  often  classed  under  the 
head  of  gelatins. 


The  Gelatine  or  NitroffemmH  liodiefi  othtr  ihnu  Prft/eids. — These  are 
nitrogenous  organic  bodies,  the  composition  of  which  does  not  include 
them  in  the  proteid  class  of  substances. 

Gelatin. — Gelatin  is  contained  in  the  form  of  fuZ/rrypw,  its  anhydride, 
in  bone  (ossein),  teeth,  fibrous  connective  tigsues,  tendons,  ligaments, 
etc.  It  may  be  obtained  by  prolonged  action  of  boiling  water  in  a 
Papin's  digester  or  of  dilute  ucetic  aciil  at  a  low  temperature  (15°  0.), 

Pro/)frht%s. — The  percetitage  conjposition  is  0,  23.21,  H,  7J5,  N, 
18*3^,  C,  50.76,  S,  0.56.     It  contains  more  nitrogen  and  less  carbon  than 
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proteiii^.  Bt  some  it  is  said  to  contain  no  solphur.  It  is  ainoq)houg, 
ami  transparent  when  dried.  It  does  not  dialjse;  it  is  insoluble  in  culd 
water,  but  swells  up  to  about  six  times  its  volnme:  it  dissolves  readily 
on  the  addition  of  Tery  dilate  acids  or  alkalies.  It  is  soluble  in  hot 
water,  and  forms  a  jelly  on  cooling,  even  when  only  I  per  cent  of  gelatin 
is  present.  Prolonged  boiling  in  dilute  acids,  or  in  water  alone,  destroys 
this  power  of  forming  a  jelly  on  cooling. 

A  fairly  strong  solution  of  gelatin— 2  per  cent  to  4  per  cent— gives 
the  following  reactions: 

(a)  Wit/i  prntei'I  te^tx:  (i.)  Xanthoproteic  test. — A  yellow  color  but 

no  previous  precipitate  with  nitric  acid,  becoming  darker  on  the 
addition  of  ammonia,  (ii.)  Biuret  test. — A  blue  color,  (iii.) 
MiUnUit  f^^t,—A  pink  precipitate,  (iv.)  Potassium  fermif' 
anitle  ami  nr^.tic  aritl, — Xo  reaction,  (v.)  BoUing  with  sodium 
sulphate  an«l  acetic  acid.     No  reaction. 

(b)  Sp'cial  ri*i*'ii"Hx:  (i.)  No  precipitate  with  acetic  acid,     (ii.)  Xo 

precij)itate  with  hydrochloric  acid,     (iii.)  A  white  precipitate 
with  tannic  acid,  not  soluble  in  excess  or  in  dilute  acetic  acid. 
(iv.)  A  white  precipitate  with  mercuric  chloride,  unaltered  by 
excess  of  the  reagent,     (v.)  A  white  precipitate  with  alcohol 
(vi.)  A  yellowish-white  precipitate  with  picric  acid,  dissohed 
on  heating  and  reappearing  on  cooling. 
Mucin.— Muoin  ia  supjx>sed  to  be  a  compound  of  a  proteid,  proba- 
bly a  globulin,  with  animal  gum,  and  is  the  characteristic  component  of 
niuous:  it  is  contained  also  in  fa-tal  connective  tissue,  in  tendons,  and 
s;ilivary  glainis.     it  can  be  obtained  from  mucus  by  diluting  it  with 
water,  tilterinir,  treating  the  insoluble  portion  with  weak  caustic  alkali, 
and  ropreripitatii]g  with  noetic  aciil.     The  mucins  derived  from  differ- 
ent Si»urces  |»rokibly  liavo  dilTerent  compositions. 

Prnp»rfi's. — Mucin  has  a  ropy  consistency.  It  is  precipitated  by 
alo«)hol  ami  ^y  niinenil  aoiJ?,  but  dissolved  by  excess  of  the  latter.  It  is 
dis.solvt*d  by  alkaiios  and  in  lime  water.  It  gives  the  proteid  reaction 
with  Millnn's  reagent  and  with  nitric  acid.  Neither  mercuric  chloride 
nor  tannic  acid  gives  a  precipitate  with  it  (?).     It  does  not  dialyse. 

Elastin  is  found  in  elastic  tissue,  in  the  ligamenta  subliava,  liga- 
mentuni  nucbiv,  etc.  It  is  insoluble,  but  swells  up  both  in  cold  and  hot 
water.  Is  soluble  in  strong  otiustio  so<ia.  It  is  precipitated  by  tannic 
acid;  does  not  gelatinize.  Gives  the  proteid  reactions  with  strong  nitric 
acid  and  ammonia,  and  imperfectly  with  Millon*s  reagent.  Yields  leucin 
on  boiling  with  strong  sulphuric  acitl. 

Chondrin  is  found  in  the  condition  of  chondrigen  in  cartilage. 
It  is  a  mixture  of  gelatin  with  a  muein-like  substance,  and  is  obtained 
from  chondrigen  by  Ivoiling. 

Properties. — It  is  soluble  in  hot  water,  and  in  solutions  of  neutral 
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r*»  sulphate  of  sodium,  in  rlilnte  miiienil  ucids,  caustic  potiish,  and 
Insoluble  in  cold  water,  alcohol,  and  etljer.  It  is  precipitated 
from  ite  solutions  hy  dilute  niinoral  acids  (excess  redissolves  it),  by 
ilnm,  bv  lead  aceUitc*,  by  eilver  uitrato,  and  by  ddorine  wafer.  On  boil- 
ing with  strong  hydrochloric  acid,  it  yields  gnipe-sugar  and  certain  ni- 
trogenous substances.  Prolonged  boiling  in  dilate  acids,  or  in  water, 
destroys  its  power  of  forming  a  jelly  on  cooling. 

Keratin  h  obtiiined  from  Itsur,  nails,  and  dried  Bkin.  It  contains 
sulphur  evidently  only  loosely  combined. 

Nuclein.^ — Found  in  tho  nuclei  of  cells,  also  in  milk  (easeinogen) 
and  yolk  oi  egg  (vitcUiu).     It  resembles  mucin  in  its  testa,  but  diiteis 

tfrum  il  in  com|x»sitiou  as  it  contains  phosphorus  in  its  molecule.  Some 
of  the  Ixwlies  which  have  been  called  mucin,  are  really  compounds  of 
liaclein  and  a  proteid.  8uch  is  the  mucinoid  substance  in  bile* 
KoH-nitragenouff  organic  botlies  consist  of 
L  (a)  Oils  and  Fats,  which  ore  for  the  most  part  mixtures  of  palmi- 
Pftt,  CsiUfcjUf,  itfearin  CsTllnoOe,  and  oh^iN  CstlfmiO,;,  in  dilTerent  pro- 
portions. They  are  formed  by  the  union  of  fatty  acid  radicals  with 
the  triutoraic  alcohol,  Olrfferiu  C:iUr»(On):t,  and  are  etherial  rjiIis  uf  that 
akoboh  The  radicals  are  C, JIasO,  (■irJIatO,  and  CisiranO,  rcBpectively, 
Human  fat  consists  of  a  mixture  of /w/frt«Vi«,  ^iearin^nud  okin,  of  which 

Ell?  two  former  contribute  three-quarters  of  the  whole.     Olein  is  the 
alj  liquid  constituent. 
Puts  are  insoluble  in  water  and  in  cold  alcohol;  soluble  in  hot  alco- 
1^1,  ether,  and  chloroform.     Ctdorlcss  and  tasteless;  easily  decomposed 
rstafioniQed  by  alkalies  or  snper-heated  steam  into  glycerin  and  the  fatty 

And  (b)  Carbohydrates,  which  are  bodies  composed  of  six  or  twelve 
atoms  of  carbon  with  hydrogen  and  oxygen,  tho  two  latter  elements  be- 
ing in  the  proportion  to  form  water.     There  are  three  main  classes  of 
bobyd  rates. 

AmtfhMfjty  CiHidOs,  comprising  Starch,  Dextrin,  Glycogen,  etc.     Sac- 

Ot?n2tOn»  ^^Accharose,   or  Cane  sugar,  Lactiise,  Maltose,  etc. 

>  CiHijOe,  Dextrose  or  Grape  sugar,  La?vulo8e  or  Fruit-sugar, 

odie^  etc. 

Of  these  the  most  iinportant  are: 

Starch  (C^lIinOs),  which  is  contained  in  n^Vkvly  all  plants ^  and  in 


^Eeoetit  invcstigationfl  have  shown  that  tbe  term  nuclei ii  hiis  btH-ri  applied  to 

m.  mhoUtwitxm  ot  bodies.     At  the  one  end  of  tkic  series  ia  nucleic  acid,  a  tiody 

ntainin^  9  to  11  )»er  cent,  of  phcisphorus,  but  without  any  proteid;    id   t)»e 

iiddle  are  the  nuetriitn  profjer,  containing  Homi?  proteid  and  wttli  a  varying 

of  nucleic  acid  ;  and  at  the  other    exlreme  are  the  nneleo  album inJi, 

up  «1nic(«t  entirely  ctf  proteid.   but  coiitaininjf  0  5  to  1  |»er  cent  of  phoa- 

pttontfl.     Tlie  formula  of  nucleic  acid  accordiug  to  Koasel  ia  Ci»B*iN.PtOit* 


r.-.  U-.7  ^HtfU.  rfwytJi,  tt^MJi^  anii  ^fitNtf  fmiU,  Ik  ii  a  Sfjfi  white  powder 
'y#fr.c>"i'^  '*f  27ar.  ■.Irjf  hiixlr.r  *£  orTkcixed  3Cnii?tiire.  consisting  of  ^^riiji- 
v'/,*^  '*.-...',[-  ir.  vw^r*  cr»r^ju5ti  in  %  cnal  cf  ^IIhJo^  (insoluble  in 
»*.>.-! :  :;>  a-^ir^  ir.-i  +i2r  of  th*  znusalcs  TaryiiijZ  according  to  the 
^,^»T  fr  Tr.^r.K  : '.r  *t^rT.  r.Ai*  -.•e^r.  i>hCAni«d.  It  i»  insolnble  in  cold 
»*?>rr.  .r.  li-  •:.'/■-  ir.'l  :r.  ^\^.^ti  it  ii  «olaUe  ^cer  boiling  for  sometime, 
mA  tt*.\y  '^  r^.ir.-r*!,  Ir.  «':or.j«<iGrc<:e  of  ihe  iwelling  up  of  the  granuloae, 
«^ir-h  hr^nTA  :h^  ff-VinU/v^  oi.<&t,  2^*1  b«eoining  fRe,  is  entirely  diaBoked 
ir.  w.^r.  Tr^:'  ^/i:^:ior.  ii  :*  aolction  of  inAuble  starch  or  amvdin.  It 
i(l'»*r^  'A  ola^  f:'»iorAl[*fTx  «:th  i<>lir.e.  which  diBppean  on  heating  and 
r'-t'-rr**  or.  ^ro-ilinr.  It  i*  oonverte«l  into  dextrine  and  grape-«ugar  bj 
fiisifiUxA^,  or  hv  \^»i\\uz  with  'iilate  ^cids. 

Glycogen,  vhirh  ia  contained  in  the  lirer,  is  also  present  to  aeon- 
p.'i*\f' r^uU:  f'Xt^nt  ifi  thf-  mu-cles  of  ^err  joang  animals,  in  the  placenta, 
ifi  'olorU:--  f-orpriJ^rUi.,  and  in  embryonic  tissues.  It  is  freely  soluble  in 
w;jti'r,  .'Wi'i  it-)  ••olution  UMtkn  opalescent;  it  gives  a  port-wine  coloration 
witii  if/^Jinr-,  whir-h  <li.<<apfiears  on  heating  and  returns  on  ccoling.  It  is 
prf;';ipiut«;d  by  l/a^ic  lead  acetate  and  insoluble  in  absolute  alcohol  and 
in  *?th''r.  It  exifttri  in  the  liver  «luring  life,  but  Yerj  soon  after  death  is 
r:}iari;(<rd  into  •iu;^:ir.  It  ia  converted  into  sugar  by  diastase  ferments,  or 
by  boiling  with  dihite  acids. 

Dextrin.— T hi. -4  •iiib»tance  is  made  in  commerce  by  heating  drypo- 
bito-Htarch  to  a  t<-ni(»enitiire  of  4()0'\  It  is  also  produced  in  the  procea 
of  t}jf!  r!oriVf;rHion  of  Ktan^h  into  sugar  by  diastase,  and  by  the  salirary 
and  pincrcatir  fcrrnenlH.  A  yellowish  amorphous  powder,  soluble  in 
wiit<rr,  hut  iriHohiblo  in  abHolute  alcohol  and  in  ether.  It  corresponds 
ahnortt  (exactly  in  icHts  witli  glycogen;  but  one  variety  (achroo-dextrine) 
do<;H  not  givw;  i\u:  port-wine  coloration  with  iodine. 

Cane  Sugar  or  Saccharose,  is  contained  in  the  juices  of  many 
pl;intH  and  frnitH,  and  is  as  a  rule  extracted  from  the  sugar  cane,  from 
hi'i'troof,  or  from  \]w,  maple.  It  is  crystalline  and  is  precipitated  from 
roiMM-ntnitrd  solntioiiH  by  absolute  alcohol.  It  has  no  power  of  reduc- 
''•K  «''*|'l'^''"  ^^^iJ^w  <^"  boiling.  It  is  dextro-rotatory  (see  Api)endix).  It 
in  not  Hubji'cMo  alcoholic;  fermentation,  until  by  inversion  it  is  converted 
into  ^du('oH<\  it  clnirs  on  addition  of  sulphuric  acid,  and  on  heating  with 
pot:iMHinin  or  Hodium  liydnite. 

Lactose  is  rontaincd  in  milk.  It  is  less  soluble  in  water  than  glu- 
COM!';  not  HW(M»t,  and  is  gritty  to  the  taste;  but  it  is  insoluble  in  absolute 
ah'ohol.  I '  ndrrgocH  alcoholic^  fermentation  with  extreme  difficulty;  gives 
till'  irnlH  Hiniilar  to  ghn'oso,  but  less  readily.    It  is  dextro-rotatory  4-59^ 

Maltose  in  fornuMi  in  the  conversion  of  starch  into  glucose  by  the 
Miiliva  iind  p:incrc:itic.  fluids.  It  is  also  formed  by  the  action  of  malt 
upon  slarch  by  tlic  ferment  diast:iso,  and  in  the  formation  of  glucose 
from   starch.     It  is  converted  into  dextrine  by  dilute  sulphuric  acid. 
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dextro-rotiitory ;    fernieiite  with  yeHst;   reduces  copper  BtiUs,   und 
Hues  in  fine  needles. 
Glucose  occnrB  widely  tliflfused  in  the  vegetable  kingdom,  in  diiibetic 
ine,  in  the  hlood,  etc.;  it  is  nsiuilly  obUined  from  gnipe-jni^^e,  honey, 
ftt-root  or  ourrots.     It  really  is  ft  mixture  of  two  isomerie  bodies,  Dex- 
or  gnipe-sugur,  which  turns  ii  ray  of  pohirized  light  to  the  right 
-dC*"),  and  LiPVitlme  or  fruit-sugar,  which  turns  the  ray  to  the  left. 
It  is  easily  soluble  in  water  and  in  alcohol;  not  so  sweet  as  cane- 
Bgar;  the  rehition  of  its  sweetness  to  that  of  cane-sugar  is  as  3  to  5. 
is  not  so  easily  cliarred  by  strong  sulphuric?  acid  as  cane-sugar.     It  is 
yi  entirely  soluble  in  alcohol.     It  undergoes  alcoholic  fermentation 
ritb  yeftst. 

Dextrose  has  the  power  of  reducing  the  salts  of  silver,  iusninth, 
cury,  and  copper,  cither  to  the  form  of  the  metal  as  in  the  first  three 
or  to  the  form  of  the  sub-ojeide  in  the  case  with  cuprous  siilttf, 
fpon  this  property  the  chief  tests  for  the  sngar,  vaj,,  Trorrjmer*8  and 
}ttcher*8,  depend  {see  Appendix)*  When  boiled  with  potttsh,  glucic 
lid  melunic  acids  are  formed,  and  a  yellowish  lluid  results  {Moore's 
St),  It  is  oxidized  by  Ihe  action  of  nitric  acid  to  sacchuric  acid.  It 
Drnis  compounds  with  acids  and  with  potash  and  lime.  It  undergoes 
Icoholic  fermenttition  with  yeast,  and  lactic  acid  fermentation  with 
cterina  lactis.  It  forms  caramel  when  strongly  heated,  and  is  also 
ikrred  with  strong  acids.  For  the  method  of  quantitative  estimation, 
Ic*,  see  Appendix. 

Laevulose  is  one  of  the  products  of  the  decomposition  of  cane-sugar 
'SHeHiis  of  dilute  mineral  acids,  or  by  means  of  the  ferment  suverten 
the  alimentary  canal. 

It  rmicts  to  the  same  test  as  glucose,  but  is  non-crystallizable,  and 
]&  laevo-rotiitory  —  lOOO.  It  is  soluble  in  water  and  in  alcohol.  Its  com- 
pound with  lime  is  solid,  whereas  that  witlj  dextrose  is  not. 

Galactose  is  formed  from  lactose  by  the  action  of  dilute  minend 
acids,  or  inverting  fennents^.  It  undergoes  alcoholic  fermentation,  and 
reduces  copper  salts  to  the  sul>oxide. 

Inosite. — ^Inosite  ts  a  non-fernien table  variety  of  glucose  occurring 
in  the  heart  and  voluntary  muscles,  as  well  as  in  beans  and  other  plants. 
It  crystallizes  in  the  form  of  large  colorless  monocUnic  tables,  which  are 
soluble  in  water,  but  insoluble  in  alcohol  or  ether.  Inosite  may  be  de- 
tected by  evaporating  the  solution  containing  it  nearly  to  dryness,  tnid 
by  then  adding  a  small  drop  of  solution  of  mercuric  nitrate,  and  after- 
ward evaporating  carefully  to  dryness,  a  yellowish-white  residue  is  ob- 
tained ;  on  further  cautiously  heating,  the  yellow  changes  to  a  deep  rose- 
color,  which  disappears  on  cooling,  but  reappcurs  on  heating.  If  the 
inosite  be  almost  pure,  its  solution  may  be  evaporated  nenrly  to  dryness. 
After  tlie  addition  of  nitric  acid,  the  residue  mixed  with  a  little  ammonia 
and  calcium  chloride,  and  again  evaporated,  yields  a  rosc-rcd  coloration. 
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Certain  of  the  monatomic  Fatty  Adds  are  found  in  the  body,  viz., 
Formic  CHaOa,  acetic  G}H4029  and  propionic  GsHeOa,  present  in  sweat. 
but  normally  in  no  other  human  secretion.  They  have  been  found  else- 
where in  diseased  conditions.  Butyric  acid^  G4II8029  is  found  in  sweat 
Various  others  of  these  acids  have  been  obtained  from  blood,  muscabr 
juice,  faeces  and  urine. 

Of  the  diatomic  fatty  acids,  one  acid.  Lactic  acid,  GsHeOs  exists  in 
a  free  state  in  muscle  plasma,  and  is  increased  in  quantity  by  muscular 
contraction,  is  never  contained  in  healthy  blood,  and  when  present  in 
abnormal  amount  seems  to  produce  rheumatism. 

Of  the  aromatic  series,  Benzoic  acid,  Cs  H«02»  is  always  found  in 
the  urine  of  herbivora,  and  can  be  obtained  from  stale  human  urine. 
It  does  not  exist  free  elsewhere. 

Phenol. — Phenyl  alcohol  or  carbolic  acid  exists  in  minute  quantity 
in  human  urine.     It  is  an  alcohol  of  the  aromatic  series. 

Inorganic  Principles. 

The  inorganic  proximate  principles  of  the  human  body  are  numer- 
ous. They  are  derived,  for  the  most  part,  directly  from  food  and  drink, 
and  pass  through  the  system  unaltered.  Some  are,  however,  decom- 
posed on  their  way,  as  chloride  of  sodium,  of  which  only  four-fifths  of 
the  quantity  ingested  are  excreted  in  the  same  form;  and  some  are 
newly  formed  within  the  body, — as,  for  example,  a  part  of  the  sulphates 
and  carbonates,  and  some  of  the  water. 

Much  of  the  inorganic  saline  matter  found  in  the  body  is  a  neces- 
sary constituent  of  its  structure, — as  necessary  in  its  way  us  albumin 
or  any  other  organic  principle;  another  part  is  important  in  regulat- 
ing or  modifying  various  i)hy8ical  processes,  as  absorption,  solution,  and 
the  like;  while  a  part  must  be  reckoned  only  as  matter,  which  is,  so  to 
speak,  accidentally  present,  whether  derived  from  the  food  or  the  tis- 
sues, and  which  will,  at  the  first  opportunity,  be  excreted  from  the  body. 

Gases, — The  gaseous  matters  found  in  the  body  are  Oxygen,  Hydro- 
gen, Nitrogen^  Carburet  ted  and  Sulphuretted  hydrogen^  and  Carbonic 
acid.  The  first  three  have  been  referred  to.  Carburetted  and  sulphu- 
retted hydrogen  are  found  in  the  intestinal  canal.  Garbonic  acid  is  pres- 
ent in  the  blood  and  other  fluids,  and  is  excreted  in  large  quantities  by 
the  lungs,  and  in  very  minute  amount  by  the  skin.  It  will  be  specially 
considered  in  the  chapter  on  Kespiration. 

\yater,  the  most  abundant  of  the  proximate  principles,  forms  a  large 
proportion, — more  than  two-thirds  of  the  weight  of  the  whole  body. 
Its  relative  amount  in  some  of  the  principal  solids  and  fluids  of  the  body 
is  shown  in  the  following  table  (from  Robin  and  Verdeil's) : — 
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Bile        .... 
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Milk 

.     .     887 
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Pancreatic  juic«  , 
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Urine         .         .         .         . 
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Lymph 

,    um 
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UaKtne  juice    . 

.     .     075 
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Pcrs|ii  ration 

.    mn 

8(r> 

Saliva        .         .         ,         . 

.   .    99r, 

QUANTITY  OF  Water  in  1000  Parts. 

p^th     .... 

tines 

Mtilaj^       .... 
Ici8cle$^  ... 

Ugmiient 

>aiii                         ... 
loud    ... 
oria 

The  importance  of  water  as  a  constituent  of  tbe  animal  body  may  be 

samed  from  the  preceding  table^  and  is  shown  in  u  still  more  striking 

^ins^nner  by  its  withdniwaL     If  any  tiseiie,  as  muscle,  cartihige,  or  ten- 

Idon,  be  subjected  to  heat  sufticieiit  to  drive  off  the  gre:iter  part  of  its 
iruter,  all  its  characteristic  physical  properties  are  destroyed;  and  what 
pus  previously  soft,  elastic,  and  flexible,  becomes  hard  and  brittle,  und 
borny^  so  as  to  be  scarcely  recogniz:tbk\ 
In  all  the  fluids  of  the  body — ^blood,  lymph,  etc., — water  acts  the  part 
bf  a  general  solvent,  and  hy  its  means  alone  circulation  of  luitrient  mat- 
ter is  possible.  It  is  the  medium  also  in  wliicli  all  fluid  and  solid  ali- 
ments are  dissolved  before  absorption,  as  well  as  the  means  by  which  all, 
^  except  gaseous,  excretory  products  are  removed.  All  the  various  pro- 
Hjeesaea  of  secretion,  transudation,  and  nutrition,  depend  of  necessity  on 
Hits  presence  for  their  performance. 

"  The  greater  part,  by  far,  of  the  water  present  in  the  b<tdy  is  taken 
into  it  as  such  from  without,  in  tbe  food  and  drink,  A  small  amount, 
however,  is  tbe  result  of  the  chemical  union  of  hydrogen  with  oxygen  in 
the  biood  and  tissue.  The  total  amount  taken  into  the  body  every  day 
is  about  4^  lbs.;  while  an  uncertain  quantity  (perhaps  |  to  |  lb.)  is 
formed  by  cbemieal  action  within  it. — (Dal ton),  ; 

Tbe  loss  of  water  from  the  body  is  intimately  connected  with  excre- 
tion from  the  lungs,  skin,  and  kidneys,  and,  to  a  less  extent,  from  the 
alimentary-  canal.  The  loss  from  these  various  organs  may  be  thus  ap- 
p<>rtiimcd  (quoted  by  Dal  ton  from  various  observers). 


From  the  Alimentary  canal  (fecea) 
**         LmiK^      .... 
Skin   (r>enipinition)     . 
Kidney's  (urioe)    .... 


4  pnr  reut, 
20 

40 

100 


^P  Sodium  and  Potamimn  Chhridi\s  are  present  in  nearly  sill  parts  of 
tbe  body.  The  former  seems  to  be  eBpeeially  necessary,  judging  from 
tbe  instinctive  craving  for  it  on  the  part  of  animals  in  whose  food  it  is 
deficient,  and  from  the  diseased  condition  which  is  consequent  on  its 
withdrawal.  In  the  blood,  the  quantity  of  sodium  chloride  is  greater 
than  that  of  all  its  other  saline  ingredients  taken  together.  In  the 
muscles,  on  tbe  other  hand,  the  quantity  of  sodium  chloride  is  less  than 
that  of  the  chloride  of  potassium. 
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Calcium  Fluoridey  in  minute  amonnt,  is  present  in  the  bones  and 
teeth,  and  traces  have  been  found  in  the  blood  and  some  other  fluids. 

Calcium^  Potcunfium,  Sodium,  and  Magnesium  Phosphaies  are  found 
in  nearly  every  tissue  and  flnid.  In  some  tissues—the  bones  and  teeth 
— the  phosphate  of  calcium  exists  in  very  large  amount  and  is  the  prin- 
cipal source  of  that  hardness  of  texture  on  which  the  proper  perform- 
ance of  their  functions  so  much  depends.  The  phosphate  of  calcium  ia 
intimately  incorporated  with  the  organic  basis  or  matrix,  but  it  can  be 
removed  by  acids  without  destroying  the  general  shape  of  the  bone; 
and,  after  the  removal  of  its  inorganic  salts,  a  bone  is  left  soft,  tough, 
and  flexible. 

Potassium  and  sodium  phosphates  with  the  carbonates,  maintain  tht 
alkalinity  of  the  blood. 

Calcium  Carlnmate  occurs  in  bones  and  teeth,  but  in  much  smaller 
quantity  than  the  phosphate.  It  is  found  also  in  some  other  parts. 
The  small  concretions  of  the  internal  ear  (otoliths)  are  composed  of 
crystalline  calcium  carbonate,  and  form  the  only  example  of  inorganic 
crystalline  matter  existing  as  such  in  the  body. 

Potassium  and  Sodium  Carbonates  are  found  in  the  blood,  and  some 
other  fluids  and  tissues. 

Pofassinm,  Sodiumy  and  Calcium  Sulphates  are  met  with  in  small 
amount  in  most  of  the  solids  and  fluids. 

Silicon, — A  very  minute  quantity  of  silica  exists  in  the  urine,  and  in 
the  blood.  Traces  of  it  have  been  found  also  in  bones,  hair,  and  some 
other  parts. 

Iron, — The  especial  place  of  iron  is  in  haemoglobin,  the  coloring- 
matter  (^  the  blood,  of  which  a  full  account  will  be  giTen  with  the 
chemistry  of  tlie  blood.  Peroxide  of  iron  is  found,  in  very  small  quan- 
tities, in  the  ashes  of  bones,  muscles,  and  many  tissues,  and  in  lymph  and 
chyle,  albumin  of  serum,  fibrin,  bile,  milk  and  other  fluids;  and  a  salt 
of  iron,  probaljly  a  j)h()8phate,  exists  in  the  hair,  black  pigment,  and 
other  deeply  colored  opitlielial  or  horny  substances. 

Ahuninium_,  Manganese,  Copper,  and  Lead, — It  seems  most  likely 
that  in  the  human  body,  copper,  manganesium,  aluminium,  and  le:id  are 
merely  accidental  elements,  which,  being  taken  in  minute  quantities 
with  the  food,  and  not  excreted  at  once  with  the  faeces,  are  absorbed  and 
deposited  in  some  tissue  or  organ,  of  which,  however,  they  form  no  nec- 
essary part.  In  the  same  manner,  arsenic,  being  absorbed,  may  be  de- 
posited in  the  liver  and  other  parts. 


CHAPTER  V. 


THE  BLOOD. 


The  blood  is  the  fluid  medium  by  ineiins  of  wbieh  all  the  tissuca  of 

Ihe  body  are  directly  or  iiidirectty  nourished;  by  moiins  of  it  also  such 

[of  the  materials  which  result  frora  the  metabolism  of  the  tissues  as  are 

jof  no  further  use  in  ttie  economy,  are  carried  to  the  excretory  organs  to 

I'bo  removed  from  the  body.     It  is  a  somewhat  viscid  fluiil,  and  in  man 

and  in  all  other  vertebrate  animal  a  with  ihe  except  ion  of  two.*  is  red 

in   color.     Tiie  exact  ehade  of  red   is  variable;    that   taken   from   the 

arteries,  from  the  left  side  of  the  heart  and  from  the  pulmonary  veins 

is  of  a  bright  scarlet  line,  that  obtained  from  the  systemic  vein«,  from 

the  right  side  of  the  heartland  from  the  pulmonary  artery,  is  of  a  much 

I  darker  color,  and  varies  from  bluish-red  to   reddish-black.     At   first 

I  Bight,  the  red  color  appears  to  belong  to  the  whole  mai?s  of  blood,  but 

on  further  examination  this  is  found  not  to  be  the  case.    In  reality  blutpd 

consists  of  an  almost  colorless  fluid,  called  plasma  or  liquor  sang^uinis, 

in  which  are  suspended  numerous  minute  rounded  masses  of  proto- 

plasm,  called  blood  corpuscles,  which  are,  for  the  most  part,  colored » 

and  it  is  to  their  presence  in  the  fluid  that  the  red  color  of  the  blood  is 

due. 

Even  when  examined  in  very  thin  layers,  blood  is  opaque,  on  account 
of  the  dillcrcnt  refractive  powers  possessed  by  its  two  oonslitiicota,  viz,, 
the  plasma  and  the  corpuscles.  On  treatment  with  chloroform  and 
other  reagents,  however,  it  becomes  transparent  and  assumes  a  lake 
color,  in  consequence  of  the  coloring  matter  of  the  corjiuscles  havir^g 
been  discharged  into  the  plasma.  The  average  .y/fcijie  f/ranlf/  of  blood 
I  at  15*  C.  (60*^  F:)  varies  from  1055  to  10<>2.  A  rapid  and  useful  method 
of  estimating  the  speciflc  gravity  of  blood  has  been  employed  by  Lluyd 
Jones.  Drops  of  blood  are  taken  and  allowed  to  fall  into  fluids  of 
known  specific  gnivity.  When  the  drop  neither  rises  nor  ginks  in  the 
fluid,  it  is  taken  to  be  of  the  same  specific  gravity  as  that  of  the  stand- 
ard fluid.  The  refwlion  of  blood  is  faintly  alkaline  and  the  iuiitr  saltish. 
Its  temperaiure  varies  slightly,  the  average  being  37.8^  G,  (100"'  F,). 
The  blood  stream  is  warmed  by  passing  throngli  the  mn^^eles,  nerve  cen- 
tres,  and  glands,  but  is  somewhat  cooled  on  travertsing  the  capillaries  of 
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the  skin.  Recently  drawn  blood  has  a  distinct  odor,  which  in  many 
cases  is  characteristic  of  the  animal  from  which  it  has  been  taken.  It 
may  be  further  developed  also  by  adding  to  blood  a  mixture  of  equal 
parts  of  sulphuric  acid  and  water. 

Quantity  of  the  Blood. — The  quantity  of  blood  in  any  animal 
under  normal  conditions  bears  a  fairly  constant  relation  to  the  body- 
weight.  The  methods  employed  for  estimating  it  are  not  so  simple  as 
might  at  first  sight  have  been  thought  For  example,  it  would  not  be 
possible  to  get  any  accurate  information  on  the  point  from  the  amoant 
obtained  by  rapidly  bleeding  an  animal  to  death,  for  then  an  indefinite 
quantity  would  remain  in  the  vessels,  as  well  as  in  the  tissues;  nor,  on 
the  other  hand,  would  it  be  possible  to  obtain  a  correct  estimate  by  less 
rapid  bleeding,  as,  since  life  would  be  more  prolonged,  time  would  be 
allowed  for  the  passage  into  the  blood  of  lymph  from  the  lymphatic 
vessels  and  from  the  tissues.  In  the  former  case,  therefore,  we  should 
under-estimate,  and  in  the  latter  over-estimate  the  total  amount  of  the 
blood. 

Of  the  several  methods  which  have  been  employed,  the  most  accurate 
appears  to  be  the  following.  A  small  quantity  of  blood  is  taken  from 
an  animal  by  venesection;  it  is  defibrinated  and  measured,  and  used  to 
make  standard  solutions  of  blood.  The  animal  is  then  rapidly  bled  to 
death,  and  the  blood  which  escapes  is  collected.  The  blood-vessels  are 
next  washed  out  with  saline  solution  until  the  washings  are  no  longer 
colored,  and  these  are  added  to  the  previously  withdrawn  blood;  lastly 
the  whole  animal  is  finely  minced  with  saline  solution.  The  fluid  ob- 
tained from  the  miucings  is  carefully  filtered,  and  added  to  the  diluted 
blood  previously  obtained,  and  the  whole  is  measured.  The  next  step 
in  the  process  is  the  comparison  of  the  color  of  the  diluted  blood  with 
that  of  standard  solutions  of  blood  and  water  of  a  known  strength,  until 
it  is  discovered  to  what  standard  solution  the  diluted  blood  corresponds. 
As  the  amount  of  blood  in  the  corresponding  standard  solution  is  known, 
as  well  as  tlio  total  quantity  of  diluted  blood  obtained  from  the  animal, 
it  is  easy  to  calculate  tlie  absolute  amount  of  blood  which  the  latter  con- 
tained, and  to  this  is  added  the  small  amount  which  was  withdrawn  to 
make  the  standard  solutions.  This  gives  the  total  amount  of  blood 
which  the  animal  contained.  It  is  contrasted  with  the  weight  of  the 
animal,  previously  known. 

The  result  of  many  experiments  shows  that  the  quantity  of  blood  in 
various  animals  averages  -^^  ^^  i^f  ^^  ^^^  ^^^^^  body- weight. 

An  estimate  of  the  quantity  in  man  which  corresponded  nearly  with 
this  proportion,  has  been  more  than  once  made  from  the  following  data. 
A  criminal  was  weighed  before  and  after  decapitation;  the  difference  in 
the  weight  representing  the  quantity  of  blood  which  escaped.  The 
blood-vessels  of  the  head  and  trunk  were  then  washed  out  by  the  injeO' 
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Hon  of  water,  until  the  fluid  which  escaped  had  only  a  pale  red  or  straw 
color.  This  fluid  was  then  also  weighed;  and  the  amount  of  blood 
which  it  represented  was  calculated  by  comparing  the  proportion  of 
solid  matter  contained  in  it  with  that  of  the  first  blood  which  escaped 
on  decapitation.  Two  experiments  of  this  kind  gave  precisely  similar 
results.     (Weber  and  Lehmann.) 

It  should  be  remembered,  in  connection  with  these  estimations,  that 
the  quantity  of  the  blood  must  vary  very  considerably,  even  in  the  same 
animal,  with  the  amount  of  both  the  ingesta  and  egesta  of  the  period 
immediately  preceding  the  experiment;  it  has  been  found,  for  example, 
that  the  quantity  of  blood  obtainable  from  the  body  of  a  fasting  animal 
rarely  exceeds  a  half  of  that  which  is  present  soon  after  a  full  meal. 

Coagulation  of  the  Blood. 

One  of  the  most  characteristic  properties  which  the  blood  possesses 
is  that  of  clotting  or  coagulating.  This  phenomenon  may  be  observed 
under  the  most  favorable  conditions  in  blood  which  has  been  drawn 
into  an  open  vessel.    In  about  two  or  three  minutes,  at  the  ordinary 


Fig.  117.— Bfiticulum  of  flbrio,  from  a  drop  of  human  blood,  after  treatment  with  rosanilin. 

(Ranvier.) 

temperature  of  the  air,  the  surface  of  the  fluid  is  seen  to  become  semi- 
solid OT  jelly-like,  and  this  change  takes  place,  in  a  minute  or  two  after- 
ward at  the  sides  of  the  vessel  in  which  it  is  contained,  and  then  extends 
throughout  the  entire  mass.  The  time  which  is  occupied  in  these 
changes  is  about  eight  or  nine  minutes.  The  solid  mass  is  of  exactly 
the  same  volume  as  the  previously  liquid  blood,  and  adheres  so  closely 
to  the  sides  of  the  containing  vessel  that  if  the  latter  be  inverted  none 
of  its  contents  escape.  The  solid  mass  is  the  crassamentum  or  clot.  If 
the  clot  be  watched  for  a  few  minutes,  drops  of  a  light,  straw-colored 
fluid,  the  serum,  may  be  seen  to  make  their  appearance  on  the  surface, 
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and,  as  they  become  more  and  more  Buneroos,  to  run  together,  form- 
ing a  complete  superficial  stratum  above  the  solid  clot.  At  the  same 
time  the  fluid  begins  to  transude  at  the  sides  and  at  the  ttBder-surface 
of  the  clot,  which  in  the  course  of  an  hour  or  two  floats  in  the  Kquid. 
The  first  drops  of  serum  appear  on  the  surface  about  eleven  or  twel?e 
minutes  after  the  blood  has  been  drawn;  and  the  fluid  continaes  to 
transude  for  from  thirtj-six  to  fortv-eight  hours. 

The  clotting  of  blood  is  due  to  the  development  in  it  of  a  substance 
called  fibrin,  whidi  appears  as  a  meshwork  (fig.  117)  of  fine  fibrils.  This 
mesh  work  entangles  and  incloses  within  itself  the  blood  corpuscles. 
The  first  clot  formed,  therefore,  includes  the  whole  of  the  constituents 
of  the  blood  in  an  apparently  solid  mass,  but  soon  the  fibrinous  mesh- 
work begins  to  contract  and  the  serum  which  does  not  belong  to  the 
clot  is  squeezed  out.  When  the  whole  of  the  serum  has  tninsuded  the 
clot  is  found  to  be  smaller,  but  firmer  and  harder,  as  it  is  now  made  np 
of  fibrin  and  blood  corpuscles  only.  Thus  coagulation  rearranges  the 
constituents  of  the  blood;  liquid  blood  being  made  up  of  plasma  and 
blood  corpuscles,  and  clotted  blood  of  serum  and  clot. 

Liquid  Blond. 


I  I 

Plasma.  CorfniBcles. 


I 


I  I 

Senim.  Fibrin. 


I 


Clotteit  Blood. 


Under  ordinary  circumstances  coagulation  occurs  before  the  red  cor- 
pussies  have  had  time  to  subside;  and  thus  from  their  being  entangled 
ill  the  meshes  of  the  fibrin,  the  clot  is  of  a  deep  red  color  throughout, 
])r()b  ibly  slightly  darker  at  the  most  dependent  part,  from  greater  accn- 
mulation  of  red  corpuscles  there  than  elsewhere.  When,  however,  coag- 
ulation is  from  any  cause  delayed,  as  when  blood  is  kepi  at  a  tempera- 
ture slightly  above  0°  C.  (32°  F.),  or  when  clotting  is  natunilly  slow,  as 
is  the  case  with  horse's  blood,  or,  lastly,  in  certain  diseased  conditions, 
particularly  in  inflammatory  states,  time  is  allowed  for  the  colored  cor- 
puscles to  sink  to  the  bottom  of  the  fluid.  When  clotting  after  a  time 
occurs,  the  upper  layers  of  the  blood  are  free  of  colored  corpuscles  and 
consist  chiefly  of  fibrin.  This  forms  a  superficial  stratum  differing  in 
appearance  from  the  rest  of  the  clot,  and  is  of  a  grayish  yellow  color. 
This  is  known  as  the  biiffi/ coat  or  crust  a  phlogistica.  The  buffy  coat 
produced  in  the  manner  just  described,  commonly  contracts  more  than 
the  rest  of  the  clot,  on  acconnt  of  the  absence  of  colored  corpuscles 
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its  mcfihes*  an^^cfiiiee  contrMction  is  less  interfered  witli  by  ad- 
ion  to  the  interior  of  tlit^  contaiuiug  vessel  in  the  vertioal  than  the 
rizonttil  direction.     A  cup-liko  appearance  of  the  buffy  coat  results, 
d  the  clot  is  not  only  hufled  but  tupped  on  tlie  surface. 
Formation  of  Fibrin,  ^Tlmi  the  clotting  of  blood  is  due  to  the  gnid- 
ial  appearance  in  it  of  fibrin  may  be  easily  demonstrated.     For  example, 
recently  dniwn  blood  be  wbipped  with  a  bunrlh*  of  twigs,  tlie  fibrin 
lay  be  withdrawn  from  tlie  bluud  before  it  csin  entjingle  the  blood  cor- 
uscles  within  its  meshes,  as  it  adheres  to  the  twigs  in  stringy  threads 
most  free  from  corpuscles;  the  blood  from  which  the  fibrin  has  been 
ithdrawn  no  longer  exhibits  tbe  power  of  sponiiineons  coagulability. 
Ithough  these   facts  have   long   been    known,  the   closely  aswociuted 
problem  as  to  the  exact  manner  in  which  fibrin  is  formed  is  by  no  nunms 
so  simple*     It  will  he  most  conirenient  to  treat  of  the  question  step  by 
step. 

In  the  first  phice  it  appears  that  under  the  ordinary  conditions  of 
experiment,////!  /?^rm  is  chief!  f/^  if  not  eniirehf  thrived  from  the  plttsmn  ; 
!or  although  the  colorless  eorpuscles  niiiy  be  intimately  connected  with 
lie  process,  as  will  be  shown  later  on,  yet  the  colored  corpuscles  take  no 
tive  part  in  it.     This  gtatement  does  not  deny  the  possibility  that 
fibrin  may  sometimes  be  derived  from  Ihe  colored  corpuseles.     Indeed, 
this  is  more  than  probable,  as  exj^erinients  have  shown  that  if  a  little 
dcfibrinated  blood  be  added  to  geriim,  the  biemoglobin  leaves  tbe  stroma 
of  the  colored  corpuscles  of  the  blood,  and  a  substance  nrises  from  it 
called   siromtt'flbvin^  indistinguishalde    fr<>m   ordinary   fibrin,  and   tbe 
enim  is  clotted. 

But  normally  fibrin  is  derived  from  tbe  plasma. 
Pure  plasma  may  be  prneured  by  delaying  coagulation  in  blood  by 
keeping  it  at  a  tempenilure  slightly  above  freezing  point,  nntil  the 
colored  corpuscles  have  snbsided  to  the  bottom  of  the  containing  vessel; 
the  blood  of  the  horse  being  specially  suited  for  tbe  purposes  (if  this 
experiment.  A  portion  of  the  eoiorless  supernatant  plasma,  if  decanted 
into  another  vessel  and  exposed  to  the  ordinary  temperature  of  tbe  air, 
will  coagulate  just  as  though  it  were  the  entire  blood,  producing  a  clot 
similar  in  all  respects  to  blood  clot,  except  that  it  is  almost  colorless 
from  the  absence  of  red  corpuscles.  If  some  of  the  plasma  be  diluted 
with  twice  or  three  times  its  bulk  of  normal  saline  solution,*  coagula- 
tion is  delayed,  and  the  stages  of  the  gradual  formation  of  fibrin  in  it 
may  be  conveniently  watched.  The  viscidity  which  precedes  the  com- 
plete coagulation  may  be  actually  seen  to  bo  due  to  the  formation  of 
brin  fibrils — first  of  all  at  the  edge  of  tbe  fluid  containing  vessel,  and 
hen  gmdually  extending  throughout  tbe  mass. 

*  Normal  sabne  solution  commonly  consists  of  a  .6  per  cent  solution  of  com- 
mon salt  (sodium  cliloride)  in  watei% 
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If  a  further  portion  of  plasina,  dilated  or  not^  be  whipped  with  a 
bundle  of  twigs,  the  fibrin  may  be  obtained  as  a  solid,  stringy  mass,  just 
in  the  same  way  as  from  the  entire  blood,  and  the  resulting  fluid  no 
longer  retains  its  power  of  spontaneous  coagulability. 

It  is  not  indeed  necessary  that  the  plasma  shall  have  been  obtained 
by  the  process  of  cooling  abore  described,  as  if  it  had  been  separated 
from  the  corpuscles  in  any  other  way,  e.^.,  by  allowing  blood  to  flow 
direct  from  the  vessels  of  an  animal  into  a  vessel  containing  a  third  or 
a  fourth  of  its  bulk  of  a  saturated  solution  of  a  neutral  salt  (preferably 
of  magnesium  or  sodium  sulphate)  and  mixing  carefnlly,  will  answer 
the  purpose  and,  just  as  in  the  other  case  the  colored  corpuscles  will 
subside  leaving  the  clear  superstratum  of  (salted)  plasma.  In  order 
that  salted  phisma  may  coagulate,  however,  it  is  necessary  to  get  rid  of 
the  salts  by  dialysis,  or  to  dilute  it  with  several  times  its  bulk  of  water. 

The  second  question  which  must  be  considered  is,  from  what  matt- 
rials  of  tJie  plasma  is  fibrin  formed?  If  plasma  be  saturated  with  solid 
magnesium  sulphate  or  sodium  chloride,  a  white,  sticky  precipitate  called 
by  Denis,  by  whom  it  was  first  obtained,  plasmine,  is  thrown  down, 
after  the  removal  of  which,  by  filtration,  the  plasma  will  not  spontane- 
ously coagulate.  Plasmine  is  soluble  in  dilute  neutral  saline  solutions, 
and  the  solution  of  it  speedily  coagulates,  producing  a  clot  composed  of 
fibrin.  Blood  plasma  therefore  contains  a  substance  without  which  it 
cannot  coa^ilate,  and  a  solution  of  which  is  spontaneously  coagulable. 
This  substance  is  very  soluble  in  dilute  saline  solutions,  and  is  not, 
therefore,  fibrin,  which  is  insoluble  in  these  fluids. 

But  there  is  distiuct  evidence  that  plasmine  is  a  compound  body 
made  up  of  two  or  more  substances,  not  all  of  which  are  requisite  to 
form  a  clot,  and  that  it  is  not  mere  soluble  fibrin.  There  exists  in  all 
the  serous  cavities  of  the  body  in  health,  e.g.,  the  pericardium,  the  peri- 
toneum, and  the  pleura,  a  certain  small  amount  of  transparent  fluid, 
generally  of  a  pale  straw  color,  which  in  diseased  conditions  may  be 
greatly  increased.  It  somewhat  resembles  serum  in  appearance,  but  in 
reality  differs  from  it,  and  is  probably  closely  allied  to  plasma.  This 
serous  fluid  is  not,  as  a  rule,  spontaneously  coagulable,  but  may  be  made 
to  clot  on  the  addition  of  serum,  which  is  also  a  fluid  which  has  no 
tendency  of  itself  to  coagulate.  The  clot  produced  consists  of  flbrin, 
and  the  clotting  is  identical  with  the  clotting  of  plasma.  From  the 
serous  fluid  (that  from  the  inflamed  tunica  vaginalis  testis  or  hydroctlt 
fluid  is  mostly  used)  we  may  obtain,  by  half-saturating  it  with  solid 
sodium  chloride,  a  white  viscid  substance  as  a  precipitate  which  is 
called  fibrinogen.  If  flbrinogen  be  separated  by  filtration,  it  can  be  dis- 
solved in  water,  as  a  certain  amount  of  the  neutral  salt  used  in  precipi- 
tating it  is  entangled  with  the  precipitate,  and  is  suflScient  to  produce  a 
dilute  (6  to  8  per  cent)  saline  solution  in  which  fibrinogen,  being  a  body 
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the  globulin  c\ma,  is  Boluble.  Tho  solution  of  fibrinogen  has  no 
BBdency  to  clot  of  itself,  but  if  blood-serum  be  added  to  a  solutiou  of 
Ibriiiogen,  the  mixture  clots. 

On  the  other  hand  from  blood-serum  may  be  obtained,  by  saturation 
with  one  of  the  neutral  salts  above-mentioned,  a  globulin  very  similar 
in  properties  to  fibrinogen,  which  is  called  serumgiobKiin  or  paraglobu' 
firt.and  it  may  be  separated  by  filtration  and  dissolved  in  a  dilute  saline 
alution  in  a  manner  similar  to  fibrinogen. 

If  the  solutions  of  fibrinogen  and  paraglobulin  be  mixed,  the  mix* 
lore  Ciinnot  be  distinguished  from  a  solution  of  plasmiue,  and  in  a  great 
majority  of  cases  firmly  clots  like  that  solution,  whereas  a  mixture  of 
the  hydrocele  fluid  and  serum,  from  which  these  bodies  have  been  re- 
[>ectively  taken,  no  longer  manifeata  the  like  property. 

In  additiun  to  this  evidence  of  the  compound  nature  of  plaemine,  it 
lay  be  further  shown  that,  if  sufficient  care  be  taken,  both  fibrinogen 
id  paraglobulin  may  be  separately  obtained  from  plasma:  the  one, 
Ibrinogen,  as  a  fiaky  precipitate  by  adding  carefully  13  per  cent  of 
erystsilline  sodium  chloride  to  it;  and  the  otlier,  paraglobulin,  may  be 
precipitated,  after  the  removal  of  fibrinogen  by  filtration,  on  the  further 
addition  (above  20  per  cent  and  to  saturation)  of  the  same  salt  or  of 
magneBium  sulphate  to  the  filtrate.  It  i%  evident,  therefore,  that  both 
these  substances  must  be  thrown  down  together  when  plasma  is  at  once 
saturated  with  sodium  chloride  or  magnesium  sulphate,  and  that  the 
mixture  of  the  two  corresponds  with  plaemine. 

So  far  it  has  been  shown  that  plasmine,  the  antecedent  of  fibrin,  to 
the  possession  of  which  blood  owes  its  power  of  coagulating,  is  not  a 
simple  body,  but  is  composed  of  at  least  two  factors — viz,,  fibrinogen 
and  paniglobulin;  there  is  reason  for  believing  that  yet  another  body 
is  precipitated  with  them  in  plasmine. 

It  was  at  one  time  thought  that  the  reason  why  hydrocele  fluid 
coagulated,  when  serum  was  added  to  it,  was  that  the  latter  fluid  sup- 
plied the  paraglobulin  which  the  former  lacked;  this,  however,  is  not 
the  case,  as  hydrocele  fluid  does  not  lack  this  body,  and  moreover,  if 
paraglobulin,  obtained  from  diluted  serum  by  passing  a  stream  of  car- 
bonic acid  gas  through  it,  be  added,  no  clotting  will  take  place.  But  if 
paraglobulin,  obtiuned  by  the  saturation  method,  be  added  to  hydrocele 
fluid,  clotting  soon  follows,  as  it  will  also  in  a  mixed  solution  of  fibrin- 
ogen and  paraglobulin,  both  obtained  by  the  saturation  method.  From 
this  it  is  evident  that  in  plasmine  there  is  something  more  than  tho  two 
bodies  above  mentioned,  and  that  this  something  is  precipitated  with 
the  paraglobulin  by  the  saturation  method,  and  is  not  precipitated  by 
the  carbonic  acid  method. 

The  following  experiments  show  that  this  substance  is  of  the  nature 
of  a  ferment.  If  defihrinated  blood  or  serum  be  kept  in  a  stoppered 
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bottle  with  iu  own  bulk  of  alcohol  for  some  weeks,  all  the  proteidsare 
precipitated  in  a  coagulated  form ;  if  the  precipitate  be  then  remoied 
by  filtration,  dried  over  snlphnric  acid,  finely  powdered,  and  then  eu- 
pended  in  water,  a  watery  extract  may  be  obtained  by  further  filtration, 
containing  but  little  proteid.  Yet  a  little  of  this  watery  extract  will 
produce  coagulation  in  fluids,  f.^.,  hydrocele  fluid  or  diluted  plasma, 
which  are  not  spontaneously  coagulable,  or  which  coagulate  slowly  and 
with  difficulty.  It  will  also  cause  a  mixture  of  flbrinogen  and  paraglob- 
ulin  both  obtained  by  the  carbonic  acid  method  to  clot.  The  watery 
extract  ap|>ear8  to  contain  the  body  which  is  precipitated  with  the 
paraglobulin  by  the  saturation  method.  Its  active  properties  are  en- 
tirely destroyed  by  boiling.  The  amount  of  the  extract  added  does  not 
influence  the  amount  of  the  clot  formed,  but  only  the  rapidity  of  clot- 
ting, and  moreover  the  active  substance  contained  in  the  extract  evi- 
dently does  not  form  part  of  the  clot,  as  it  may  be  obtained  from  the 
serum  after  blood  has  clotted.  So  that  the  substance  contained  in  the 
aqueous  extract  of  blood  appears  to  belong  to  that  class  of  bodies  which 
promote  the  union  of,  or  cause  changes  in,  other  bodies,  without  them- 
selves entering  into  union  or  undergoing  change;  these  are  known  as 
Jerments.  It  has,  therefore,  received  the  name  fibrin  femunt.  This 
ferment  is  developed  in  blood  soon  after  it  has  been  shed,  and  ite 
amount  continues  to  increase  for  some  little  time  (p.  135). 

So  far  we  have  seen  that  plasmine  is  a  body  composed  of  three  sub- 
stances, viz.,  fibrinogen,  paraglobulin,  and  fibrin  ferment.  But  we  shall 
see  that  only  two  of  them  are  necessary  to  coagulation. 

Alex.  Schmidt,  to  whom  we  are  indebted  for  much  of  our  knowledge 
of  this  subject,  believed  that  the  three  substances  are  necessary  to  the 
production  of  a  clot.  He  thought  that  the  reason  why  coagulation  does 
not  occur  in  serum  which  contains  paraglobulin  and  the  fibrin  ferment 
is  that  serum  lacks  fibrinogen,  and  that  when  it  does  not  occur  in  fluids 
which  contain  fibrinogen,  paraglobulin  or  the  ferment  or  both  are  want- 
ing. Schmidt's  view  is,  however,  quite  untenable  in  the  face  of  the  fact 
that  a  solution  of  pure  fibrinogen  will  clot  firmly  on  the  addition  of  a 
solution  of  fibrin  ferment,  and  that  the  complemental  proposition  is 
equally  true,  viz.,  that  a  mixture  of  paraglobulin  and  fibrin  ferment 
(such  as  exists  in  serum)  will  not  clot.  It  is  to  Hammersten  that  the 
credit  of  suggesting  the  best  working  hypothesis  is  due;  he  has  proved 
that  paraglobulin  is  not  an  essential  in  coagulation,  since  fibrin  is  formed 
from  fibrinogen  alone  by  the  action  of  fibrin  ferment;  so  that  the  fer- 
ment whi(!h  is  precipitated  with  paraglobulin  is  essential  and  not  that 
body  itself,  lie  has  shown,  however,  that  paraglobulin  possesses  the 
property,  in  common  with  many  other  bodies,  of  combining  with — or 
docomposing,  and  so  rendering  inert — certain  substances  which  have  the 
power  of  preventing  the  formation  or  precipitation  of  fibrin,  such  a 
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belonging  for  example  to  the  free  alkalies,  to  the  alkaline  carbo- 
mles,  and  to  certain  salts.  His  view,  therefore,  is  that  under  the  action 
|)Of  a  ferment,  fibrinogen  is  either  decomposed  into  fibrin,  with  the  form- 
tion  of  certain  bye-prodncts,  or  bodily  converted  into  that  substance. 
A^  a  corollary  to  this  view,  however,  it  is  now  generally  believed  that 
the  presence  of  a  certain  but  small  amount  of  salts,  especially  of  cahium^ 
is  neceFRary  for  coagulation,  and  that  without  it  clotting  cannot  take 
'plaee.  In  fact  fibrin  is  getting  looked  upon  as  a  calcium  compound  of 
fibrinogen. 

Certain  other  changes  besides  solidification  take  place  in  blood  when 

it  clots,  viz. :— its  ternpeniture  rises  slightly,  it  becomes  less  alkaline, 

the  oxygen  is  diminished,  the  tension  of  carbonic  anhydride  rises,  and  a 

tnice  of  ammonia  gas  is  given  off.     The  clotted  part  is  said  to  become 

lectrically  negative  to  the  nn clotted  part. 

Sourcem  of  the  Fibrin  Fermeni. — Fibrin  ferment  cannot  bo  obtained 
in  any  appreciable  amount  from  blood  which  is  allowed  to  flow  direct 
from  the  living  vessel  into  absolute  alcohol.  It  is  almost  certainly  a 
resolt  of  the  more  or  less  complete  disintegriition  of  the  colorless  cor- 
puscles after  blood  is  shed,  or  of  the  intermediate  corpuscles  which  will 
be  described  later  on  under  the  name  of  hhml plateteis.  The  proofs  of 
this  may  be  briefly  summarized  as  follows:— (1)  That  all  strongly  coag* 
ulable  fluids  contain  these  corpuscles  almost  in  direct  proportion  to 
their  coagulability;  (2)  That  clots  formed  on  foreign  bodies,  sncli  as 
needles  projecting  into  the  interior  or  lumen  of  living  blood-vessels,  are 
preceded  by  an  aggregation  of  colorless  corpuscles;  (3)  That  phisma  in 
which  these  corpuscles  happen  to  be  scanty,  clots  feebly ;  (4)  That  if 
horse's  blood  be  kept  in  the  cold^  so  that  the  corpuscles  subside,  it  w^ill 
be  found  that  the  lowTst  stratum,  containing  chiefly  colored  corpuscles, 
will,  if  removed,  clot  feebly,  as  it  contains  little  of  the  fibrin  factors; 
whereas  the  colorless  plasma,  especially  the  lower  layers  of  it  in  which 
the  colorless  corpuscles  are  most  numerous,  will  clot  well,  but  if  filtered 
in  the  cold  will  not  clot  so  well,  indicating  that  when  filtered  nearly 
free  from  colorless  corpuscles  even  the  plasma  does  not  contiiin  sufficient 
of  all  the  fibrin  factors  to  produce  thorough  coagulation;  (rj)  In  a  drop 
of  coagulating  blood  observed  under  the  microscope  the  fibrin  fibrils  are 
seen  to  start  from  the  colorless  corpuscles. 

Nature  of  the  Flttriu   /Vrwi?'?//.™ Halliburton  has  brought  forward 

eighty  reasons  for  believing  fibrin  ferment  to  be  r  globulin.     Thus,  a 

ution  of  ferment  mude  according  to  Schmidt's  method,  if  clear,  neu- 

,  or  faintly  alktilino  in  reaction,  does  not  coagulate  on  boiling,  and 
gives  the  proteid  tests  faintly.  If  the  solution  be  concentnited,  these 
reactions  become  more  developed,  and  the  proteid  present  reacts  to  the 
test  for  globulins.  The  ferment  too  can  be  extracted  from  shreds  of 
fibrin  obtained  from  whipped  blood  by  the  method  usually  employed 
for  dissolving  globulins,  viz.,  hy  an  8  per  cent  solution  of  sodium  chlor- 
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ide,  and  when  tbe  globoliD  u  remored  from  the  solotion  thus  obtained, 
the  ferment  iction  diappears  also.  Farther  inTestigation,  however,  o! 
the  propertied  of  the  sabetance  called  by  Hallibarton  a  globulin,  by 
Pekelharing  haa  ihovn  that  it  belongs  to  the  important  class  of  bodies 
known  sa  nudeo-albtimins  <p.  111).  Snch  a  nncleo-albumin  may  be 
obtained]  from  leococytes  and  other  cells,  and  always  possesses  very  power- 
ful ferment  properties.  The  ferment  action  is  destroyed  at  a  tempera- 
ture of  from  T3'-T5'  C.  (U#o'  F.),  or  if  in  saline  solution  at  a  lower 
temperature  atill,  6^r-^;5'  C.  (145'  F.),  which  correspond  closely  with 
the  coagulating  points  of  proteid  sabstances. 

The  explanation  of  the  clotting  of  blood  which  has  been  given  in  the  pre. 
ceding  pages,  and  which  depends  chiefly  upon  the  researches  of  Alex.  Schmidt 
and  Hammen»ten.  supposes  that  it  is  one  of  the  fennentatiTe  actions,  so  manj 
of  which  are  believed  to  go  on  in  the  living  body.  Wooldridge  contested  this 
view  of  the  process.  His  researches  led  him  to  the  belief  that  coagulation  of 
the  hUfod  is  a  vital  process,  or  rather  that  it  is  the  last  act  of  vitality  displayed 
by  blocxi  plasma,  which  he  considered  to  be  living  proCof^asin.  Some  of  tiie 
results  of  his  experiments  may  with  advantage  be  here  mentioned.  Firstly, 
he  showe<l  that  plasma  itself  contains  everything  that  is  necessary  for  coagula- 
tion. Ff/r  his  experiments  he  used  plasma  obtained  by  injecting  a  solution  of 
commercial  peptone  into  the  veins  of  an  animal  and  removing  blood  from  it 
immediately  afterward.  Tlie  blood  so  obtained  does  not  readily  clot,  and  so 
allows  the  sefiaration  of  the  blcxwl-corpuscles  from  the  plasma,  the  plasma  so 
obtainetl  Ix^ing  called  jjejttone  jUasma.  The  whole  of  the  corpuscular  elements 
were  removed  by  rej^eated  treatment  with  a  centrifugal  machine.  Peptone 
plasma  was  shown  to  clot  by  the  use  of  some  simple  mechanical  means.  e.g., 
filtering  through  a  clay  cell,  or  through  filter  paper,  or  on  neutralization  with 
acetic  acid,  or  carbonic  acid,  or  by  dilution  with  water  or  saline  solution. 
Tlius  it  would  appear  that  if  the  colorless  blood  corpuscles  aid  coagulation, 
their  influence  is  only  secondary. 

Secondly,  he  showed  that  the  important  precursor  of  clotting  in  this  pep- 
tone-plasma may  be  separated  frr>m  it,  as  a  precipitate,  if  the  plasma  be  kept 
in  ice  for  some  time,  and  that  after  its  removal  the  plasma  contains  only  a 
little  fibrinogen  capable  of  clotting  by  the  action  of  fibrin  ferment.  If  the 
plasma  bo  diluted  with  water  or  slightly  acidulated,  however,  the  fibrin  fer- 
ment is  aV)le  to  pnxluce  a  complete  clotting. 

In  [lept^^nc  plasma,  Wooldridge  stated  that  three  coagulable  bodies  exist, 
which  he  calls  A,  B,  and  C  fibrinogen,  and  which  are  closely  allied  to  one 
another.  C- fibrinogen  is  identical  with  the  body  which  has  been  hitherto  de- 
HcrilKKl  as  fibrinogen,  is  present  in  very  small  amount,  and  clots  on  addition  of 
fil)rin  ferment.  The  coagulable  matter  present  in  greatest  amount  is  B- fibrin- 
ogen, which  clots  on  addition  of  lecithin,  or  of  lymph  corpuscles,  but  not  on 
the  a<ldition  of  fibrin  ferment.  A-fibrinogen  is  separated  from  plasma  by 
cooling,  in  minute  regular  rounded  granules,  from  which,  if  watched  under 
the  niicrosco|)e,  rounded  distinctly  biconcave  discs  are  seen  to  arise,  quite  in- 
distinguishable from  blood  plates;  it  is  not  coagulated  by  fibrin  ferment 
Finally,  he  considered  that  when  blood  plasma  dies,  an  action  takes  place 
iK'twcMm  A-  and  B-fibrinogen,  which  are  both  compounds  of  proteid  and  leci- 
thin. The  essential  of  this  action  is  a  loss  of  lecithin  on  the  part  of  the  former 
and  a  gain  of  lecithin  on  the  part  of  the  latter,  with  the  result  of  the  produc- 
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>  ol  fibrin,  a  third  pre ite id- lecithin  coiiiiHjuudp  while  other  substances  con- 
in  the  serum,  iocluiiinjj^  tibrio  ferment,  ax*e  at  the  same  time  set  free. 
^briti  ferment^  a  botly  which  can  convert  C-fibrinogeu  into  tihrin,  \&  not 
[it  ID  living  pliisma,  but  is  a  result  of  its  disorganization  or  death,  Aa 
be  librinpgen  whicli  can  be  clotte<l  by  the  ferment  is  only  prosent  in  minimal 
dounts  in  living  plasma,  iojection  of  a  solution  of  fibrin  ferment  or  of  shed 
does  not  firoduee  intra -vascular  cloltif*g,  whereas  injection  of  lymph 
puscles  from  lymphatic  glands  or  of  lecithin,  either  of  which  wiU  produce 
Aottiog  of  the  other  fibrinogens  which  form  the  hoik  of  the  coagulabte  mattei 
living  blood,  leads  to  extensive  intra- vascular  clotting. 

Conditions  affecting  Coagulation,— The  coagulation  of  the  blood 
hastened  by  the  following  means  :^ — 

1.  Moderate  warmth,— irom  about  37.8-49'^  C.  (100^  to  120'  F/). 

2.  Rt*iii  is  favorable  to  the  coagulatiow  of  blood.  Blood,  of  which 
be  whole  mass  is  kept  in  uniform  motion,  as  when  ii  closed  vessel  com- 
pletely tilled  with  it  is  constantly  moTed,  coagulates  very  slowly  and 
imperfectly, 

3.  Contact  with  foreign  matter,  and  especially  multiplicatiou  of  the 
points  of  contact.  Thus,  as  before  mentioned,  fibrin  may  be  quickly 
obtained  from  liquid  blood  by  stirriug  it  with  a  bundle  of  small  twigs; 
and  even  in  the  living  body  the  blood  will  coagulate  upon  rough  bodies 
projecting  into  the  vessels. 

4.  The  free  acceif.*!  6/ far.— Coagulation  is  quicker  in  shallow  than  in 
tall  and  narrow  vessels, 

»5.    The  addilion  of  less  than  twice  the  huik  of  water. 
The  blood  last  drawn  is  said^  from  being  more  watery,  to  coagulate 
more  quickly  than  the  first. 

The  coagulation  of  the  blood  is  retarded,  suspended,  or  pre- 
Tented  by  the  following  means:'— 

^l.  Void  retards  coagulation;  and  so  long  as  blood  is  kept  at  a  tern* 
peniture  0°  C.  (32*"  F,),  it  will  not  coagulate  at  all.  Freezing  the  blood, 
of  course,  prevents  its  coagulation;  yet  it  will  coagulate,  though  not 
firmly,  if  thawed  after  being  frozen;  and  it  will  do  so  even  after  it  has 
been  frozen  for  several  months.  A  higher  temperature  than  49 ""  (7,  (120*^ 
/*)  retards  coagulation  by  coagulating  the  albumen  of  the  senim^  and 
a  still  higher  one  above  56^  C.  (133"  F.)  jire vents  it  altogether. 

2.  The  addition  of  water  in  greater  proporfimis  than  twice  the  btdk 
of  the  blood,  also  the  addition  of  syrup j  ghfcerine^  and  other  viscid  sub- 
§ianc€s. 

3.  Contact  with  liviag  tissues^  and  especially  with  the  interior  of  a 
living  blood-vessel  Blood  may  be  kept  fluid  in  a  tortoise's  heart  after 
removal  from  the  body  for  several  days,  and  if  the  jugular  vein  of  a 
horse  be  ligatured  in  two  places  so  as  to  include  within  it  Mood,  and 
then  he  removed  from  the  body  and  placed  in  a  cool  place,  the  contained 
blood  will  remain  unclotted  for  hours  or  even  days. 

4.  T7ie  addition  of  neutral  salts  in  the  proportion  of  2  or  3  per  cent 
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and  upward.  When  added  in  large  proportion  moet  of  these  saline  sub- 
ftances  prerent  coagulation  altogether.  Coagnlation,  however,  eugu^ 
on  dilation  with  water.  The  time  daring  which  blood  can  be  thus 
preserved  in  a  liquid  ta^te  and  coagulated  by  the  addition  of  water,  is 
quite  indefinite. 

5.  Imperfect  aeration, — as  in  the  blood  of  those  who  die  by  asphyxia. 

6.  In  inflammatory  states  of  the  system  the  blood  coagnlates  more 
slowly  alinough  more  firmly. 

7.  Coagulation  is  retarded  by  exclusion  of  the  blood  from  the  air,  as 
by  pouring  oil  on  the  surface,  etc.  In  vacuo,  the  blood  coagulates 
quickly.  Receiving  blood  into  a  vessel,  well  smeared  inside  with  oil, 
ixXf  or  vaseline,  is  said  also  to  retard  or  prevent  coagulation. 

8.  The  coagulation  of  the  blood  is  prevented  altogether  by  the  addi- 
iion  of  strong  acids  and  caustic  alkalies^  and  also  by  the  addition  of  a  0.1 
per  cent  solution  oi  potassium  oxalate^  which  precipitates  the  soluble  cal- 
cium salt  present  in  the  blood,  in  the  form  of  insoluble  calcium  oxalate. 
Without  the  presence  of  soluble  calcium  salt,  blood  does  not  coagulate. 

9.  The  injection  of  commercial  peptone  containing  albnmoses,  or  o/ 
various  digestive  ferments,  e.g.,  trypsin  or  pepsin,  into  the  vessels  of 
an  animal  appears  to  prevent  or  stay  coagulation  of  its  blood  if  it  be 
killed  soon  after.  The  secretion  of  the  mouth  of  the  leech j  and  possibly 
the  blood  squeezed  out  of  its  body  when  full,  also  prevents  the  clotting 
if  added  to  blood. 

It  is  stilted  that  the  reason  why  blood  does  not  coagulate  in  the  living 
vessels  is,  that  the  factors  which  are  necessary  for  the  formation  of  fibrin 
are  not  in  the  exact  state  required  for  its  production,  and  that  at  any 
rate  the  fibrin  ferment  is  not  formed  or  is  not  free  in  the  living  blood, 
but  that  it  is  produced  (or  set  free)  at  the  moment  of  coagulation  by  the 
disintegration  of  the  colorless  (and  possibly  of  the  colored)  corpuscles. 
This  supposition  is  certainly  plausible,  and,  if  it  be  a  true  one,  it  must 
be  assumed  either  that  the  living  blood-vessels  exert  a  restraining  influ- 
ence upon  the  disintegration  of  the  corpuscles  in  sufficient  numbers  to 
form  a  clot,  or  that  they  render  inert  any  small  amount  of  fibrin  fer- 
ment, which  may  have  been  set  free  by  the  disintegnition  of  a  few  cor- 
puscles; as  it  is  certain  firstly  that  corpuscles  of  all  kinds  must  from 
time  to  time  disintegrate  in  the  blood  without  causing  it  to  clot;  and, 
secondly,  that  shed  and  defibrinated  blood  which  contains  blood  corpus- 
cles, broken  down  and  disintegrated,  will  not,  when  injected  into  the 
vessels  of  an  animal,  under  ordinary  conditions,  produce  clotting.  There 
must  be  a  distinct  difference,  therefore,  if  only  in  amount,  between  the 
normal  disintegration  of  a  few  colorless  corpuscles  in  the  living  unin- 
jured blood-vessels  and  the  abnormal  disintegration  of  a  large  number 
which  occurs  whenever  the  blood  is  shed  without  suitable  precaution, 
or  when  coagulation  is  unrestrained  by  the  neighborhood  of  the  living 

*  ^'urod  blood-vessels. 
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The  Blood  Corpuscles. 

There  are  two  principul  forms  of  corpuscles,  the  red  and  the  white,  or, 
they  are  uow  frequently  nurned,  the  iolored  and  the  colorkss.  In  the 
oifit  state,  the  red  corpuscles  form  about  45  per  cent  by  weight,  of  the 
whole  mass  of  the  blood.  The  proportion  of  colorless  corpuflcles  is  only 
as  1  to  500  or  600  of  the  colored. 

Red  or  Colored  Corpuscles* — Unman  red  blood-corpuscles  ^ra 
circular,  biconcave  discs  with  roLiiided  edges,  from  ^\^  to  ^-|jVif  i^*^^  ^^ 
diameter  %jj^  to  8j",  and  i%hns  i^^^^  ^^  about  2*^  in  thickness^  becoming 
flat  or  convex  on  addition  of  water.  When  viewed  singly  they  appear 
of  a  pale  yellowish  tinge;  the  deep  red  color  which  they  give  to  the 
blood  being  observable  in  them  only  when  they  arc  seen  en  mmne^ 
They  are  composed  of  a  colorless,  stnxcturcless,  and  tnmspiirent  filmy 
framework  or  Htmma^  infiltrated  in  all  parts  by  a  red  coloring  nuitter 
termed  hmmoglobhu  The  stroma  is  tough  and  elastic,  so  that,  as  the 
corpuscles  circulate,  they  admit  of  elongation  and  other  changes  of  form, 
in  adaptation  to  the  vessels,  yet  recover  their  natural  shape  us  soon  as 
they  escape  from  compression.  The  term  cell,  in  the  sense  of  a  bag  or 
aac,  although  sometimes  applied,  is  scarcely  applicable  to  the  red  blood 
corpuscle;  it  must  be  considered,  if  not  solid  throughout^  yet  as  having 
no  anch  marked  difference  of  consistence  in  different  parts  as  to  justify 
the  notion  of  its  being  a  membranous  sac  with  fluid  contents.  The 
stroma  exists  in  all  parts  of  its  substance,  and  the  coloring-matter  uni- 
formly pervades  this;  but  at  the  same  time  it  is  probable  that  the  con- 
sistence of  the  peripheral  part  of  the  protoplasm  is  more  solid  than  that 
of  the  more  centnd  mass» 

The  red  corpuscles  have  no  nuclei,  although,  in  their  usual  state,  the 
unequal  refraction  of  transmitted  light  gives  the  appearance  of  a  cen- 
tral spot,  brighter  or  darker  than  the  border,  according  as  it  is  viewed 
in  or  out  of  focus.     Their  specific  gravity  is  about  1088. 

The  corpuscles  of  all  mammals  with  the  exception  of  the  camelidae 
are  circular  and  biconcave.  In  the  camelida?  they  are  oval  and  bicon- 
vex. In  all  mammals  the  corpuscles  are  non -nucleated,  and  in  all  other 
vertebrates  (birds,  reptiles,  amphibia,  and  fish),  the  corpuscles  are  oval 
biconvex  and  nucleated  (fig.  121). 

Varieties. — The  red  corpuscles  are  not  all  alike,  some  being  rather 
larger,  paler,  and  less  regular  than  others,  and  sometimes  flat  or  slightly 
convex,  with  a  shining  particle  apparent  like  a  nucleolus.  In  almost 
every  specimen  of  blood  may  be  also  observed  a  certain  number  of  cor- 
puscles smaller  than  the  rest.  They  are  termed  microcytds,  or  hmna- 
ioblastSy  and  are  probably  immature  corpuscles. 

It  is  necessary  to  take  notice  that  much  importance  is  attached  to 
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one  fonn  of  these  fitnaller  corpascles  n&nied  hJood  plates  by  Bizzozeit) 
(Blutplattcben).  They  ure  small,  more  or  leas  rounded  or  elightly  oial 
graDules,  slightly  if  at  all  colored,  and  about  one  third  the  size  of  ordi- 
nary colored  corpasclea.  From  iheni  it  ig  supposed  the  fibrin  ferment  \i 
specially  derived.  They  rapidly  undergo  change  in  blood,  after  it  hag 
been-drawn.  They  may  form  masses  by  r'oalescing.  It  is  quite  poflsibl^ 
that  they  are  disintegration  prodacts  of  the  colorlesB  corptiBcles, 

A  peculiar  property  of  the  red  corpuscles,  which  is  exaggerated  in 
inflammatory  blood,  may  be  here  again  noticed,  kp*,  their  great  tendency 
to  adhere  together  in  rolls  or  columns  (rouleaux),  like  piles  of  coina, 
These  rolls  quickly  fasten  together  by  their  ends,  and  clnster;  so  that, 
when  the  blood  is  spread  out  thinly  on  a  glass,  they  form  a  kind  o( 
irregular  network,  with  crowds  of  corpuscles  at  the  several  points  cof- 
responding  with  the  knots  of  the  net  (fig,  118).  Hence  the  clot  formed 
in  such  a  thin  layer  of  blood  looks  mottled  with  blotches  of  pink  upoD 


( 
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Fig.  1 19.— Re<l  corpiwcles  in  rouleau Jt.    The  rounded  corpusdes  arm  whtto  or  aneolaied* 
FliK,  119,— <;arpiiftclefl  of  the  froir-    Tb«  m&tral  mttm  cooaktB  of  nncteated  OQAored  < 
Tti6  Olber  cx>rpu>»cle8  *jre  Lwd  varieties  of  the  colorleas  form. 

a  white  ground,  and  in  a  larger  quantity  of  blood  such  massea  help,  by 
the  consequent  rapid  subsidence  of  the  corpuscles,  in  the  formation  of 
the  buffy  coat  already  referred  to. 

Action  of  Reagents. — CooBiderable  light  has  been  thrown  cm  the  physical ' 

and  chemical  ccmstitutiou  of  re<l  liIiMxi-t^lla  by  studying  the  effects  produced 
by  mecha!ii<*al  nipans  auU  by  variouB  roa^^ents :  the  following  is  a  brief  «iun- 
niaiy  of  these  re-actions  :— 

Pressure.— If  the  red  blood- cells  of  a  frog  or  man  are  gently  squeezed,  they 
exhibit  a  wrinkling  of  the  surfai^e,  which  clearly  indicates  that  thej«  is  a 
Buperticial  pellicle  i>artly  differentiateti  from  the  softer  ma^ss  within  ;  again,  if 
a  netxlle  be*  rafjidly  drawn  across  a  drop  of  bbxxi,  several  corpuscles  will  be 
found  cut  in  two,  but  this  is  not  accom|ianied  by  any  escape  of  cell  contents; 
the  two  halves,  on  the  contrary,  assume  a  roundeil  form,  proving  clearly  that 
the  corimHcle«  are  not  mere  niembranonH  sacs  with  fluid  contents  like  fat-cells. 

Fluids,     i.    Water. — When  water  is  added  gradually  to  frog's  blood,  the  oval 
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liac-shaped  corpuscles  become  gpherical,  aii*l  gradually  discharge  their  hflemo- 
lobin,  a  pale,  traoftparent  gtroam  Ihr'inju:   left   iM^liiod  ;  liunmii  red  blood-ceils 
age  from  a  discoidal  to  a  spheroidal   form,  and  discharge 
eir  cell-contents,  becoming  quite  transjiareDt  and  all  luit  in-  ©  ^ 

Bible.  ^^ 

it  StUine  »oiution  produces  no  appreciable  elTect  on  the  red 
cells  of  the  frog.     In  the  red  bUKKl-celle  of  man  the  dig* 
'oDid  shape  is  exchanged  for  a  spherical  one.  with  spinous  pro- 
jectioQfs,  like  a  ho  rne- chest  nut  (fig»  TJOj.     Tlieir  original  formH  can  be  at  once 
I  l^e«^tored  by  the  use  of  cArb<:»nic  acid. 

iii,   Acetic  acid  (dilute)  cauee?*  the  nucleus  of  the  red  blood -cells  in  the  frog 

become  more  clenrh*  defined  ;  if  the  action  is  pi^olonged,  the  nucleus  becomes 

agly  granulated,  and  all  the  coloring  matter  seems  to  be  concentrated  in  it. 


Fig.  lao. 
Effect  it  miiae 


MAMMAL 


MUSH  CEEIi  CAWti 
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F%.  Itl.— The  ftb»-ive  111 tj«t ration  it*  sonif^vvhat  iiltt-reil  funn  ii  di  Jiwm^'  by  Gulliver,  lu  the  FTOOeed. 
ZooL  Sodety.  ftiiiJ  i^xlvibiiji  che  tA-pical  eliaracU'ri*  of  th*^  r»xl  b]c«xl  eelln  in'the  uiiUo  divitkwM  of  tlie 
¥ert«iiimfia.  The  froctioon  are  thmie  of  &d  inch,  and  rcpre^nt  tiie  aveia^e  dian)et4i'r.  In  Chec»«e 
of  Ibeovftl  celift»  only  the  lonif  dlnnieter  is  here  iriven.  It  b  rem axk able,  that  althonprh  the  size  of 
tbe  nd  tilood'celltii  vjuies  bo  much  m  the  ihfTereDt  cHjiistieit  of  the  vert-ebraie  kin(?iloni,  that  oT  the 
white  corpuKlM  rein&lDs  comparatively  uatfomii.  adcI  thus  they  ai\\in  eome  ualmak,  much  g^reater, 
tD  others  much  lem  than  the  red  oorpuBcle  exintln^  aide  by  side  with  them. 


the  surroondinisr  cell -substance  and  outline  of  the  cell  becoming  alnioet  invisi- 
ble ;  after  a  time  the  cell?;  lose  their  color  altogether.     Tlie  cells  in  the  fignre 
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fit;,  la.  wpwMBt  the  mrwJTe  Maces  of  the  change.  A  similar  loss  of  color 
oocon  in  the  nd  oelk  of  human  blood,  whidi.  however,  from  the  abeenoe  of 
oockri.  M#!m  Ui  diiA(if«ar  tntirelT. 

IT.  Alkalis  n^MMat:  the  nd  blood-cells  to  swell  and  finally  to  disappear. 

T.  CIdorrjfejrm  Mided  to  the  red  blood-cells  of  the  frog  causes  them  to  ptit 
with  their  haetnoi^lobiB ;  the  stroma  of  the  cells  becomes  gradually  broken  up. 
A  ftimiUr  eff^^-t  i*  prrjdoofid  on  the  homan  red  blood-cell. 

Ti.  TaymiA.— When  a  2  per  cent  fr»h  soluticin  of  tannic  acid  is  applied  to 
fn^'s  hUjipi  it  cauMs  the  appearance  of  a  sharply -defined  little  kiu^,  project- 
ing from  the  free  surface  « RdUtri^  siacicla) :  the  ooloriiig  matter  becomeB  at 
the  feame  time  coD<.-eDtrated  in  the  nucleus,  which  grows  more  distinct  (fig. 
123; .     A  ftrjme«-bat  similar  effect  is  produced  on  the  human  red  blood  corposck. 

Tii.  Mfigtnta,  when  applied  to  the  red  blood-cells  of  the  frog,  producer  a 
similar  little  kn<jb  or  knobs,  at  the  same  time  staining  the  nucleus  and  causing 
the  discharge  of  the  hemoglobin.  The  first  effect  of  the  magenta  is  to  csiue 
tlie  discharge  of  the  haemoglobin,  then  the  nudens  becomes  suddenly  stained, 
and  lastly  a  finely  granular  matter  issues  through  the  wall  of  the  corpiuicle. 
becoming  stained  by  the  magenta,  and  a  wuxeuia  is  formed  at  the  point  of  es- 
cape.    A  similar  macula  is  produced  in  the  human  red  blood -cells. 

yiii.  Boric  acid. — A  2  per  cent  soluticm  applied  to  nucleated  red  blood-celb 
(frog;  will  csLUne  the  concentration  of  all  the  coloring  matter  in  the  nucleus; 
the  Cilored  liod y  thus  formed  gradually  quits  its  central  positi<m.  and  comes  to 
be  partly,  sometimes  entirely,  protruded  from  the  surface  of  the  now  colorless 
cell  (fig.  124).     The  result  of  this  experiment  led  BrOcke  to  distinguish  the 
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Effect  of  acetic  m.i<L 

Effect  of  tannin. 

Effect  of  boric  arid. 

Sffectofgaaea 

Effectoflieat 

coIohmI  conUmiH  of  the  cell  (zooid)  from  its  colorless  stroma  (CBCOul) .  When 
a])plied  to  the  non -nucleated  mammalian  corpuscle  its  effect  merely  resembles 
that  of  other  dilute  acids. 

ix.  Ammonia.— Itn  effects  seem  to  vary  according  to  the  degree  of  concen- 
tmtion.  SoinetiiiieH  the  outline  of  the  corpuscles  becomes  distinctly  crenated; 
at  other  tinien  the  effetit  retw^nibles  that  of  boracic  acid,  while  in  other  cases 
the  e<l^(*8  of  the  corpuscles  lx*gin  to  break  up. 

Gases.  Carlnmic  acid.— It  the  nnl  blood- cells  of  a  frog  be  first  exposed  to 
tlie  a(!tion  of  waU»r- vapor  (which  renders  their  outer  pellicle  more  readily  per- 
iiieahle  to  t^iim^) ,  and  then  actiKl  on  by  carbonic  acid,  the  nuclei  immediately 
iKH'onie  clearly  {lelin<»d  and  strongly  granulated ;  when  air  or  oxygen  is  admitted 
the  originnl  apjM»arance  is  at  once  restored.  The  upper  and  lower  cell  in  fig. 
125  sliow  th«»  vtXiH'i  of  carUmic  acid  ;  the  middle  one  the  effect  of  the  re-admis- 
sion of  air.  These  elTwts  can  be  reproduced  five  or  six  times  in  succession. 
If,  however,  thi'  a<*tion  of  the  carbonic  acid  be  much  prolonged,  the  granula- 
tion of  the  nucleus  Un'onies  j^ermanent ;  it  appears  to  depend  on  a  coagulation 
of  the  paniKlohuliii. 

Heat.-Tlu'  effect  of  heat  up  to  50^—60'  C.  (120—140"  F.)  is  to  cause  the 
formation  of  a  nunilHT  of  hud-like  pnx^esses  (fig.  126). 
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Electricity  caiwee  the  red  blood -corpu»Krles  to  become  crenated,  and  at  length 
smtbeiTjdike      FinaJly  they  recover  their  round  form  and  become  quite  jiale. 

The  Colorless  Corpuscles. — In  human  blood  the  white  or  color- 
lefs  oorpQsclefi  ar  hucocytea  are  nenrlj  spherical  masses  of  graiiular  pro- 
iopbism  without  coll  wulL  The  gmnnlar  appearance  more  marked  in 
miae  than  in  others  {i^de  infra),  is  due  tu  the  preseBCo  of  particles 
probably  ol  a  fatty  nature.  In  all  cases  one  or  more  nuclei  exist  in  each 
oorpciscle*  The  six©  of  the  corpuscle  average  ^^  of  an  inch  (10//)  in 
dimmeter. 

In  health,  the  proportion  of  white  to  red  corpuscles,  which,  taking 
an  mren^e^  is  about  I  to  500  or  600,  varies  considerably  even  in  the 
ooane  of  the  same  day.  The  variations  appear  to  depend  chietly  on  the 
ftoioatit  and  probiibly  also  on  the  kind  of  food  taken;  the  number  of 
liQCOcytrs  bein^  very  considerably  increased  by  a  meal,  and  diminished 
agsUB  on  fasting.  Also  in  young  persons*  during  pregnancy,  and  after 
graal  lo«  of  blood,  there  is  a  larger  proportion  of  colorless  blood  eor- 
ptMdefly  which  probably  j^howg  that  tliey  are  more  rapidly  formed  under 
Ibase  circumstances.  In  old  age,  on  the  other  hand,  their  proportion 
ii  dimtoiafaed, 

FurtielJM* — The  colorless  corpuscles  present  greater  diversities  of 
than  the  red  ones.  Two  chief  varieties  are  to  be  seen  in  human 
;  one  which  contains  a  consider*  a  b 

tmmber  of  granules,  and  the  other 
which  M  paler  ond  less  granular.     In 
•iae  the   variations   are   great ,    for  in 
moil  apedmcuB  of  blood  it  is  |>osstb]e 
t     to  make  ofit,  in  addition  to  the  full-  ^^^    ,^_^    ^^  ^,^^  bioo^r- 

krt»^    nrtf»|-i«Hi      A    niimhpr    of  nmnllpr       puacl«.     B.  Three  coIoHprs  Wood-cor- 
^HRQ    vaneues,    a   numner   «*i  amauer      p,,^,^  getM  on  bv  acetit-  acid:  the 

■brpoiele^,  consisting  of  ti  large  spheri-     °»*^»*»  ^  ™3r  cie*rly  visible,    x  goo 
cal  nitckns  surrounded  by  u  variable  amount  of  more  or  less  granular 
prftloplasm.     The  small    corpuscles   are,    in  all  probability,  the  undc- 
YeIop«d  form  of  the  others,  and  are  derived  from  the  cells  of  the  Ivnipb. 
Beflidea  the  above-mentioned  varieties,Schmidt  describes  another  form 
which  be  looks  upon  as  intermediate  Iwtween  the  colored  and  the  color- 
k^  form^:  viai.»  corpuscles  which  contain  red  granules  of  hsenioglobin  in 
their  protoplasm.     The  different  varieties  of  colorless  corpuscles  are 
{i«eially  well  seen  in  the  blood  of  frogs,  newts,  and  other  cold-blooded 
imak. 
Amccboid  movement. — The  remarkable  property  of  the  colorless 
eorfiiiaeles  of  spontaneously  changing  their  shape  was  first  demonstrated 
by  Wharton  Jones  in  the  blood  of  the  skate.     If  a  drop  of  blood  be  ex- 
amined with  n  high  power  of  the  microscope  on  a  warm  stage,  or,  in 
other  words,  under  conditions  by  which  loss  of  moisture  is  prevented. 
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and  at  the  same  time  the  tempentnre  is  maintained  at  about  that  of 
the  body  3?=  C.  (98.5=  F.),  the  colorless  corjiascles  will  be  observed 
slowly  to  alter  their  ehapes,  and  to  send  out  processes  at  various  pam 
of  their  circumference.  The  amoeboid  movement  which  can  be  demon- 
Btmted  in  human  colorless  blood-corpuscles,  can  be  most  convenientlj 
studied  in  the  newt's  blood.  The  processes  which  are  sent  out  from  the 
corpuscle  are  either  lengthened  or  withdrawn.  If  lengthened,  the  pro- 
toplasm of  the  whole  corpuscle  flows  as  it  were  into  its  process,  and  the 
corpuscle  changes  its  position;  if  withdrawn,  protrusion  of  another  prws 
ess  at  a  different  point  of  the  circumference  speedily  follows.  The 
change  of  position  of  the  corpuscle  can  also  take  place  by  a  flowing 
movement  of  the  whole  mass,  and  in  this  case  the  locomotion  is  com- 
paratively rapid.  The  activity  both  in  the  processes  of  change  of  shape 
and  also  of  change  in  position,  is  much  more  marked  in  some  corpoB- 
cles,  viz.,  in  the  granular  variety,  than  in  others.     Klein  states  that  in 


^Mii»»fr 
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lea  minnin  vben  kepc  moiil  oa  A  wmrm  auce.    <8cbo6eia.> 

the  newt's  blood  the  changes  are  especialy  noticeable  in  a  variety  of  the 
colorless  corpuscle,  which  consists  of  a  mass  of  finely  granular  proto- 
plasm with  jagged  outline,  and  contains  three  or  four  nuclei,  or  in  large 
irregular  masses  of  protoplasm  containing  from  ^Ye  to  twenty  nuclei 
Another  phenomenon  may  be  observed  to  occur  in  the  colorless  corpus- 
cles, viz.,  ihe  division  of  the  corpuscles.  A  cleft  takes  place  in  the  pro- 
toplasm at  one  point,  becomes  deeper  and  deeper,  and  then  by  the 
lengthening  out  and  attenuation  of  the  connection,  and  finally  by  its 
rupture,  two  corpuscles  result.  The  nuclei  have  previously  undergone 
division.  The  cells  so  formed  are  remarkably  active  in  their  movements. 
Thus  we  see  that  the  rounded  form  which  the  colorless  corpuscles  pre- 
sent in  ordinary  microscopic  specimens  must  be  looked  upon  as  the 
shape  natural  to  a  dead  corpuscle  or  to  one  whose  vitality  is  dormant 
rather  than  as  the  shape  proper  to  one  living  and  active. 

Action  of  reagents  upon  the  colorless  coqmscles. — Feeding  the  corpus- 
cles.— If  some  fine  pigment  granules,  e.g.,  powdered  vermilion,  be  added  to  a 
fluid  containing  colorless  blood -corpuscles,  on  a  glass  slide,  these  will  be 
observed,  under  the  microscope,  to  take  up  the  pigment.  In  some  cases 
colorless  corpuscles  have  been  seen  with  fragments  of  colored  ones  thus  em- 
bedded in  their  substance.  They  have  also  been  seen,  in  diseased  states,  to 
contain  micro-organisms,  e.g.,  bacilli,  and  according  to  some  pathologists  are 
capable  of  destroying  them  (phagocytosis).  They  may  too  take  up  other  for- 
eign matter  or  even  other  colorless  corpuscles.  This  property  of  the  colorless 
corpuscles  is  especially  interesting  as  helping  still  further  to  connect  them  with 
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\  lowmt  forms  of  animal  Mte,  and  to  comiect  both  with  the  organized  cells  of 
licb  the  higher  an i mala  are  composed. 

The    property  which    the   colorless   corpuscles   possess   of  passing 
)tigh  the  walls  of  the  blood-vessels  will  be  described  later  oil 

Enmneration  of  the  blood-corpuscles* — Sereral  niethtKlH  are  cmploTed  for 
iting  the  bli:x>d  corpuscles,  most  of  them  de(»endinK  itixm  the  same  prinei- 
i.e.,  the  dilution  of  a  minute  volume  of  blcKxl  with  a  given  rohime  of  a 
rlees  aolution  similar  in  specific  gravity  to  blixwl  plasma,  so  that  the  si  see 
shape  of  the  corpuscles  in  altered  ait  little  as  possible.  A  minute  (quantity 
the  well^mixed  solution   is   then  taken,  examineil  under  the  tnicroscope, 


Healtbjr  Imu:111iis  ... 
HeAlthy  bftdUtis  *. 


.  Ifealitiy  bacillus 
PmrtlaUy  digeHtwl  MciUua 


Partlatljr  digcisfeed  leuoocjte  ,J? 
Nuclei  Tacuolated.'- 


Nucleuft 

Partially  digested  leueocyte 
if.  Foreign  matter 


Foreign  matter 


IiOucoprtea|  — ^ 


ParttclM  of  foreign  matter 
Purtlt^les  of  ford.gD  matter 
Pftrtlclea  of  foreign  matter 


I  ooQUlniXLg  bacilli  atid  other  »tnicturea  auppoft^l  to  be  uiulergiolag  dlgeatioo. 
(Ruffer.) 

either  in  a  flattened  capillary  tube  (Malassez)  or  m  a  cell  (Hayem  &  Nachet» 
Gowers)  of  known  cai>aritT.%  and  the  number  of  corpuscles  in  a  measured  length 
of  the  tube,  or  in  a  given  area  of  the  cell  is  counted.  The  length  of  the  tube 
and  the  area  of  the  cell  are  ascertaiotd  by  means  of  a  micrometer  scale  in  the 
microscope  ocular;  or  in  the  case  of  Gowers'  mollification,  by  tlie  division  of 
the  cell  area  into  ttijuares  of  known  size.  Having  ascertained  the  number  of 
corpuscles  in  tbr  dilute<l  bhicxl,  it  is  easy  to  find  out  the  numljer  in  a  given 
▼olume  of  normal  hhxMJ.  Gowera*  modification  of  Hayem  Sl  Nathet's  instru- 
ment, called  by  bim  litpimtci/tometer,  consists  of  aftniiiU  pi[iette  (a),  which, 
wht-n  filled  up  to  ii  mark  on  its  stem,  holds  (K*5  cubic  niillimetres^  It  is  fur- 
nishetl  with  an  india-rubber  tubt*  and  glaiss  mouth-piece  to  facilitate  filling  and 
emptying  ;  a  capillary  tube  (b)  marked  to  bnhl  .1  cubic  millimetres,  and  also 
furnished  with  an  india-rubber  tube  and  mouth-piece;  a  small  glass  jar  (D)  in 
which  the  dilution  of  the  bh»exl  is  performed  ;  a  glaas  stirrer  (E)  for  mixing 
the  bhxKi  thoroughly,  (f)  a  needle,  the  length  of  whicli  can  be  regulated  by  a 
icrew  ;  a  brass  stage  plate  (c)  carrying  a  glass  slide,  on  which  is  a  cell  one- 


ut 


BASUBOOK  OF  PflYSlOLOOT. 


fail*] 


Mil  oC  *  mffHiyMtie  dnp,  mad  tlie  boCtoni  of  which  is  di Tided  into  oDe-tecQi 
mpmnm.  On  tlie  top  of  the  cell  rests  the  corer-glass,  which  h  Itpi 
!  bf  Hie  |wi  luij  of  two  upringft  proceeding  from  tlie  sta^e  plate  i  ; 
stamlsrd  nltne  •ointioB  of  sodiiuEi  sulphate,  or  aimilar  sail,  of  speci^c  grstirr 
1099t  i«  mde,  and  M5  cubic  miUi  metres  are  measured  by  means  of  the  pipKti^ 
into  tiie  glMB  jau;  azid  with  this  fire  cubic  mi  Hi  metis's  of  blood,  obtained  \n 
pricking  the  Hunger  with  a  needle,  and  measured  in  the  captllary  pi^tetk  (B) 
are  tfaonmi^j  mixed  hy  the  glaM  atirriug  rod.  A  drop  of  this  diluted  bVxid 
ia  then  placed  in  the  cell  and  oorertHl  with  a  covi'TgiBss,  which  is  fixed  k 
posilioD  hj  means  of  the  two  lacenii  tipriug^.  Tlie  layer  of  diluted  blood  be 
tween  the  slide  and  eoTergkas  is  |  inch  tliick.  Tlie  preparation  is  tJien 
examined  tmder  a  microocope  with  a  power  of  about  400  diameters,  and  tocon^ 
tmtU  the  lines  diTtdtmr  the  cell  into  squares  are  visible. 


<^    ,-^ -IP 


Fig.  laD.— Haoimafytotneter.    (GowerF.) 

After  a  short  delay,  the  red  corjiuscles  which  hare  sunk  to  the  bottom  of 
the  cell,  and  are  restiug  on  the  squares,  are  coui2t*xi  in  ten  scjiuires,  and  the 
number  of  white  corpuseles  noted.  By  addiug  together  the  nunilxfrs  counte^i 
in  ten  (one-tc^nth  millinieire)  sciiiares,  and,  as  the  blrioci  has  been  diluteni,  mul- 
tiply in  k"  by  ten  thoiisftnd,  the  nunilier  of  oorpUiMi'lea  in  one  cubic  millimetre 'jf 
blood  is  ohtained.  Tlse  average  numbt^r  of  corpuscles  per  each  cubic  millinjeOT? 
of  healthy  bliXKl,  according  to  Vierordt  and  Welcker,  is  5,00(),0fM}  in  adult 
men,  and  4, 500.  WO  in  women. 

A  liEemacytometer  of  another  form,  and  one  that  is  much  used  at  the  present 
time,  is  known  aa  the  Thoma-Z«^iRs  hiemacytometer.  It  consists  of  a  carefullT 
graduated  pijiette,  in  which  the  dilution  of  the  lilood  is  done;  this  is  so  formed 
that  the  capillary  ptem  has  a  capacity  equalling  onehimdredth  of  the  ball 
above  it.  If  the  blood  is  drawn  up  in  the  (mpillary  tube  to  the  line  marked  I 
(fig,  132)  the  saline  solution  may  afterward  be  dra^Ti  up  the  stem  to  the  line 
101  ;  in  this  way  we  have  101  parts  of  which  the  blood  forms  1.  As  the  eon- 
tents  of  the  stem  can  be  displaced  unmixed  we  shall  have  in  the  mixture  the 


A 


THE   BLOOD. 

'  fIjIutioQ.     The  blood  Knd  the  saline  solution  are  well  mixed  by  shaking 

f  pipette,  in  the  biiU  of  whicJi  is  contained  a  sniaU  glass  bejid  for  the  pur- 

of  aiding  the  mixing.     The   otlier   juirt  of  the  instrument  consists  of  a 

\  ttlide  (fig.  131)  \i\Km  whidi  is  mounted  a  cohered  disc,  m,  accurately  ruled 

i  to  preeent  one  square  millimetre  divided  into  400  equares  of  one- twentieth 


Fig.  Itl.— Thoma^Ztfln  HueniAeyttnnetar. 

^  of  a  nillimetre  each.  Tlie  micrometer  thus  made  is  surrounded  hj  another 
Annulrr  cell,  c,  which  has  siurh  a  Jieight  as  to  make  the  ceil  project  exactly 
one- tenth  mi  Hi  metre  lieyond  m.  If  a  drop  of  the  diluted  hlood  be  placed  upon 
«■,,  and  c  be  covered  with  a  perfectly  tlat  cover-glaas^  the  volume  of  the  diluted 

I  Uood  above  each  of  the  squares  of  the  inicrtjmeter,  i-  *?. ,  above  each  jl^,  will 
be  i^Sni  ^  ^  cubic  milHuietre.     An  average  of  ten  or  more 
squares  are  then  taken,  and  this  nundMir  nmltiplietl  by  4fHXix  100 
l^ives  the  nundier  of  corpuscles  in  a  cubic  millimetre  of  un- 
diluted blocHJ, 


I 
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Chemical  Composition^  of  the  Blood. 

Before  considering  the  cliemical  composition  of  tbe 
blood  as  a  whole,  it  will  be  convenient  to  take  in  order 
the  composition  of  the  various  chief  factore  which  have 
been  set  out  in  the  tjible  on  p.  12iK  into  which  the  blood 
may  be  separated,  viz.; — (1.)  The  Pfasmn  ;  (2.)  The 
Serum  ;  (3.)   The  Corpuscles  ;  (4.)   The  Fihrin. 

(1.)  The  Plasma.— The  Phisma,  or  lif|nid  part  of 
the  blood,  in  which  the  corpuscles  float,  may  be  ob- 
tained free  from  colored  corpUBcles  in  either  of  the  ways 
mentioned  below. 

In  it  are  the  fibrin  factors,  inasmuch  as  when  ex- 
posed to  the  ordinary  temperature  of  the  air  it  under- 
goes coagulation  and  splits  up  into  fibrin  and  serum. 
It  differs  from  the  serum  in  containing  fibrinogen,  but 
in  appearance  and  in  reaction  it  closely  resembles  tliat 
fluid;  its  alkalinity,  however,  is  less  than  that  of  the 
Berum  obtained  from  it.  It  may  be  freed  from  white  corpuscles  by  filtra- 
tion at  a  temperature  below  5**  C,  (41°  F.)  or  by  the  centrifugal  machine. 

Hie  chief  methods  of  obtaining  plasma  free  from  corpUBcles  may  be  here 
epitomized:  (1)  by  cold,  the  temf>emture  should  he  alxmt  0'  C.  and  may  be 
two  or  three  degret«  higher,  but  n<it  lower.  (2)  The  addition  of  neutral  salts, 
in  certain  proportions,  either  solid  or  in  solution,  e.g.  of  soilium  sulphate,  if 
mtlid  I  part  to  12  |>art8  of  bkwi  ;  if  a  eatnrated  solution  1  part  to  6  parts  of 
blood ;  of  magnesium  sulphate,  of  a  33^,  or  if  saturated  solution  1  part  to  4  of 


FiK,  132.— Thcwnar 
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blood.  (Z)  A  third  wmj  is  to  mix  fiog'%  blood  with  an  equal  part  of  a  5^  of 
cane  sugar,  and  to  get  rid  of  the  oorpueclee  by  filtration ;  or  (4)  by  the  injec- 
tion of  commercial  peptone  into  the  Teins  of  certain  mammals,  prerious  to 
bleeding  them  to  death,  allowing  the  oorpnacles  to  subside,  and  afterwaid 
subjecting  the  supernatant  plasma  to  the  action  of  a  centrifugal  machine ;  bf 


FiK.  i:^.— Plan  and  section  of  centrifufral  machine,  a.  An  iron  socket  secured  to  top  of  table  b: 
c,  n  Ht4'<.'l  Hpindl<^  carryinf^  the  turntable  d.  and  tuminfr  freely  in  a  :  b,  a  flange  round  turntable  d: 
K  K,  Hhallow  ^riK>v(*H  oh  face  of  d,  in  which  the  test  tubes  are  fixed  by  clampL.  o  o:  H.  a  pulley  &[ed 
to  end  of  Kpiiidltt  r,  and  turned  hy  the  cord  k;  1 1  are  two  guide-pulleys  for  cord  K.    CGamgee.) 


tlu'  raj)i(l  roUition  of  which  (fig.  138)  the  whole  of  the  remaining  solid  parti- 
clew,  if  any,  is  driven  to  the  outer  end  of  the  test-tubes  in  which  the  plasona  is 
placed. 


Composition  of  Plasma. 


Water        .... 
Solids — 

Proteids : 

1.  Yield  of  fibrin 

2.  Other  i)roteids 
Extractives  of  fat  . 
Inorganic  salts 


4.05 

78.84 
5.60 
85 


902.9 


97.1 


1000 


THE    BLOOD- 

8ati9  of  the  pkuma.—in  1000  parts  of  plasma  there  are : — 

Sodium  chloride  5.546 

8odA         .        ,  L535J 

Sodium  phosphate  ...       .^1 

Polaasinm  chloride  ......           .359 

milpliate  .  .      ,881 

Oalciiun  phosphate  ....           .298 

Ifagumuin  pm^sphate  .       .218 

8.50,'j 

(2.)  The  Serum,— The  eermn  is  the  liquid  part  of  the  blood  or  of 
the  plasma  which  remains  after  the  Bepanition  of  tlie  clot.  It  ia  a  trans- 
pmrent^  yellowish,  alkaline  fluid,  with  a  specific  gravity  of  from  1025  to 
1032.  Id  the  usual  mode  of  coagulation,  part  of  the  sernm  remains  in 
the  clot,  and  the  rest,  squeezed  from  the  clot  by  its  contraction,  lies 
aroujid  it.  Since  the  contraction  of  the  clot  may  continue  for  thirty-six 
or  more  bourei,  the  quantity  of  serum  in  the  blood  cannot  be  even 
roughly  estimated  till  this  period  has  elapsed.  There  is  nearly  as  much, 
by  weight,  of  serum  as  tliere  is  clot  in  coagulated  blood. 

Serum  may  be  obtained  from  blood  corpuscles  by  allowing  blood  to 
clot  ia  large  test  tubes,  and  subjecting  the  test  tubes  to  the  action  of  a 
centrifugal  machine  (tig.  133)  for  some  time. 

In  tnbnlar  form  the  composition  may  be  thus  summarized.  In  1000 
pMia  of  serum  •  there  are: — 

Water  .......      about  900 

Proteidfl :  I 


a.  Serum- album  in  .  i 

-Klobwlin .       \ 

^,  Fibrin  ferment 


ji.  Serum-Klobwlin >  80 


Twktm    including  fatty  acids^  cholesterin,  lecithin :    and 

mmm  soaps 

Cr  i    ir  ill  timaJl  amount (  oo 

E  -— iTreatin.  creatinin,  urea,  etc.         .         ,         .        ( 

V*  xtw%^    |Pi^^nient,  which  is  inde[jendent  of  haemoglobin. 
Oaaca — small  amounts  of  oxygen,  nitrogen,  and  carbonic       I 

aeid  .        .        .        /     .  ....      J 

1000 


EL   Waitr. — The  water  of  the  serum  varies  in  amount  according  to 
amount  of  food,  drink,  and  exercise,  and  with  many  other  eircum- 
•fauces. 

b.  Pmteidjf, — a.  Serum  albumin  is  the  chief  proteid  found  in  serum. 
This  proportion  which  it  bears  to  serum-globulin,  the  other  proteid,  is 
M  3  to  4.5  in  human  blood* 

Serum-albumin  has  lieen  shown  by  Halliburton  to  be  a  compound 
body   which  may  be  called  serine,  made  up  of  three  proteids,  which 

*Thtft  table  ia  mnn^  detailed  than  that  of  the  plasma  given  above.  The 
«lta,  «?xtrartives,  etc  .  are  the  »amo  in  Ixith  serum aud  plasma,  but  the  proteids 
aro  aooiew hat  different  in  nature  aud  amount 
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coagulate  at  different  temperatures,  a  at  73°  C,  fi  at  7T'  C,  and  r  at  84' 
C.     The  serine  is  coagulated  by  the  addition  of  strong  acids,  such  as 
nitric  and  hydrochloric;  by  long  contact  with  alcohol  it  is  precipitated. 
It  is  not  precipitated  on  addition  of  ether,  and  so  differs  from  the  other 
native  albumin,  viz.,  ^y^^-albumin.      When  dried  at  40°  C.  (KH""  F.| 
serum-albumin  is  a  brittle,  yellowish  substance,  soluble  in  water,  pos- 
sessing a  la?vorot4ry  power  of  —  56*^.     It  is  with  great  difficulty  freed 
from  its  salts.     It  is  precipitated  by  solutions  of  metallic  salts,  e.g.,  of 
mercuric  chloride,  copper  sulphate,  lead  acetate,  sodium  tungstate,  etc. 
If  dried  at  a  temperature  over  75''  C.   (167°  F.),  the  chief  part  of  the 
residue  is  insoluble  in  water,  having  been  changed  into  coagulated  pro- 
teid.     Serum-albumin  may  be  precipitated  from  serum,  from  which  the 
serum-globulin  has  been   previously  separated  by  saturation  with  mag- 
nesium sulphate,  by  further  saturation  with  sodium  sulphate,  sodinm 
nitrate,  or  iodide  of  potassium. 

[i.  Serum-globulin  can  be  obtained  as  a  white  precipitate  from  cold 
serum  by  adding  a  considerable  excess  of  water  over  ten  times  its  balk, 
and  passing  through  the  mixture  a  current  of  carbonic  acid  gas  or  b? 
the  cautious  addition  of  dilute  acetic  acid.  It  can  also  be  obtained  by 
Siitumting  serum  with  either  crystallized  magnesium  sulphate,  or  sodium 
chloride,  nitrate,  acetiite,  or  carbonate.  AVhen  obtained  in  the  latter 
way,  precipitation  seems  to  be  much  more  complete  than  by  means  of 
th(i  former  method.  Serum-globulin  coagulates  at  75**  C,  (167°  F.). 
There  seems  to  be  more  globulin  in  the  serum  than  in  the  corresponding 
plasma,  and  supposing  Halliburton  is  correct  in  believing  the  fibrin  fer- 
ment to  belong  to  the  globulin  class,  its  presence  arising  from  the  dis- 
integration of  the  colorless  corpuscles  (cell-globulin)  would  account  for 
part  of  the  increase,  while  possibly  another  part  might  be  due,  as  sug- 
gested by  Ilammersten,  to  the  fact  that  fibrinogen  splits  up  into  fibrin, 
leaving  a  globulin  residue  which  appears  in  the  serum. 

(J.  The  sjilts  of  sodium  predominate  in  serum  as  in  plasma,  and  of 
these  the  chloride  generally  forms  by  far  the  largest  proportion. 

d.  Fats  are  present  partly  as  fatty  acids  and  pai-tly  emulsified.  The 
fats  are  tri-olein,  tri'Stearin,  and  tri-palniitin.  The  amount  of  fatty 
matter  varies  according  to  the  time  after,  and  the  ingredients  of,  a 
meal. 

e.  drape  suijar  is  found  principally  in  the  blood  of  the  hepatic  vein, 
to  the  extent  of  about  two  parts  in  a  thousand. 

f.  The  rjttr actives  vary  from  time  to  time;  sometimes  uric  and  hip- 
jnirie  acuds  are  found  in  addition  to  urea,  creatin  and  creatinin.  Urea 
exists  in  })ro})ortion  from  .02  to  .04  per  cent. 

g.  The  yellow  piijment  of  the  serum  and  the  odorous  matter  which 
gives  the  blood  of  eacli  particular  animal  a  peculiar  smell,  have  not  yet 
been  exactly  difterentiated.     The  former  is  probably  of  the  nature  of  a 
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lipochrome,  and  might  be  called  serum  lutein.  It  is  soluble  in  alcohol 
Mid  ether,  and  has  two  hazy  absorption  bands  toward  the  violet  end  of 
the  spectrum. 

(3.)  The  Corpuscles. — ^a.  Colored. — Analysis  of  a  thousand  parts 
of  moist  blood  corpuscles  shows  the  following  result:— 

Water 688 

Scalds- 
Organic         303.88 

Mineral 8.12—312=1000 

Of  the  solids  the  most  important  is  Hcemoglobin,  the  substance  to 
which  the  blood  owes  its  color.  It  constitutes,  as  will  be  seen  from  the 
appended  Table,  more  than  90  per  cent  of  the  organic  matter  of  the 
corpuscles.  Besides  hsBmoglobin  there  are  proteid  and  fatty  matters, 
the  former  chiefly  consisting  of  globulins,  and  the  latter  of  cholesterin 
mnd  lecithin. 

In  1000  parts  organic  matter  are  found : — 

HaemoRlobin  .        .       ' 905.4 

Proteids 86.7 

Fats 7.9=1000 

Of  the  inorganic  salts  of  the  corpuscles,  with  the  iron  omitted — 

In  1000  parts  corpuscles  (Schmidt)  are  found : — 

Potassium  Chloride 3.679 

Potassium  Phosphate 2.343 

Potassium  sulphate 132 

Sodium 633 

Calcium 094 

Magnesium .060 

Soda 341=7.282 

The  properties  of  haemoglobin  will  be  considered  in  relation  to  the 
Oases  of  the  blood. 

b.  Colorless. — The  corpuscles  may  be  said  also  to  contain  fibrinogen, 
paraglobiilin,  and  fibrin-ferment.  In  consequence  of  the  difficulty  of 
obtaining  colorless  corpuscles  in  sufficient  number  to  make  an  analysis, 
little  is  accurately  known  of  their  chemical  composition ;  in  all  proba- 
bility, however,  the  stroma  of  the  corpuscles  is  made  up  of  proteid  mat- 
ter, and  the  nucleus  of  nuclein,  a  nitrogenous  phosphorus-containing 
body  akin  to  mucins  capable  of  resisting  the  action  of  the  gastric  juice. 
The  proteid  matter  is  made  up  probably  of  one  or  more  nucleo-albumins, 
and  of  one  or  more  globulins  with  a  small  amount  of  serum  albumin. 
There  are  also  present  Udthin^  a  fatty  body  containing  phosphorus, 
fatty  granules  staining  black  with  osmic  acid,  cholesierin,  a  monatomic 
alcohol,  glycogen^  and  salts  of  sodium,  potassium,  calcium,  and  magne- 
sium, of  which  the  phosphate  of  potassium  is  in  greatest  amount. 

(4.)  Fibrin. — The  part  played  by  fibrin  in  the  formation  of  a  clot 
and  its  tests  have  been  already  described,  and  it  is  only  necessary  to 
consider  here  its  general  properties.    It  is  a  stringy  elastic  substance 
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belonging  to  the  proteid  ckas  of  bodies.  Blood  contains  only  .2  p 
cent  of  £brin.  It  can  be  conTerted  by  the  gastric  or  pancreatic  joi 
into  j^ptor;e.  It  poAeeues  the  power  of  liberating  the  oxygeLfro 
fl^/latior.s  of  hydnc  peroxide  HsOs  or  oxonic  ether.  This  may  be  shoi 
hv  dipping  a  few  ihreds  of  fibrin  in  tincture  of  gnaiacnm,  and  th 
immerBing  them  in  a  solution  of  hydric  peroxide.  The  fibrin  becon 
of  a  bluish  color,  from  ite  having  liberated  from  the  solution  oiygi 
which  oxifHzee  the  resin  of  guaiaicnm  contained  in  the  tincture,  a 
thud  produces  the  coloration. 

The  Gases  of  the  Blood. 

The  gases  containf*d  in  the  blood  are  carbonic  acid,  oxygen,  and 
tro^en,  UX>  Tolunies  of  blood  containing  from  50  to  60  volnmes  of  tli 
gasc'8  collectively. 

Arterinl  blood  contains  relatively  more  oxygen  and  less  carbonic » 
than  venous.  But  the  absolute  quantity  of  carbonic  acid  is  in  b< 
kinds  of  blood  greater  than  that  of  the  oxygen. 

Oxygen.  Carbonic  Acid.         Sitrogt 

Arterial  Blood  20  vol.  per  cent.      99  vol.  per  cent.       1  to  2  vc 

Venous 

(from  inuwIf^H  at  nnst)      8  t<>  12    **  **  46    "  **  1  to  2  t( 

The  Krtrartion  of  the  GaseH  from  the  Blood. — As  the  ordinary  air  piimpH; 
not  Kuflicicntly  [>owerful  for  tlie  purpose,  the  extraction  of  the  gases  from 
bU^xl   is  ac'coniplislu'd   by  meaDs  of  a  mercurial  air-pump,  of  which  there ; 
many  vjirictii-8.  those  of  Ludwig,  Alvergnidt,  Greisslcr,  and  Sprengel  being 
chief.     The   [)rinciple  of  action   in  all   is  much  the  same.     Ludwig*s  pun 
which  may  be  Uikcn  as  a  tyi>e,  is  represented   in  fig.  134.     It  consists  of  t 
fixed  ^hiss  k1<>^m*^.  ^  *  and  F,  the  upi)er  one  communicating  by  means  of 
HtopcfK'k  I),  and  a  stout   india-rubl>er  tube  with  another  glass  globe,  L,  wh 
can  Im'  raiwd  or  lowered  by  means  of  a  pulley;  it  also  communicates  by  me 
of  a  stopcock.  ]i,  and  a  lM*nt  v:\bsa  tulw.  A,  with  a  gas  receiver  (not  rep 
Hcnted  in  the  liKurcj,  ^1.  dipping  into  a  1k>w1  of  mercury,  so  tliat  the  gas  n 
Im*  rcceiviMl   over   mercury.      The  lower  globe,    t\    communicates  with  C 
means  of  tlie  stop-cock.  A\  with  /  in  which  the  blood  is  containeil  by  the  st- 
c<M'k,  (S.  and  with  ;i  movable  glass  globe,  J/,  similar  to  i,  by  means  of 
stoiM'ock.   //.  ami  th(»  stout  india-rublxT  tul)e,  K. 

In  order  to  work  the  pump,  L  and  3/  are  filled  with  mercury,  the  blood  fr 
which  tilt*  gases  an»  to  b<»  <'xtract<Ml  is  placed  in  the  bulb  /,  the  stopcocks, 
E,  />.  ami  li,  U'ing  o|K'n,  and  (/  closinl.  M  is  raised  by  means  of  the  pul 
until  /•' is  full  of  mercury,  and  the  air  is  driven  out.  jE7  is  then  closed,  a 
/.  is  raised  st>  that  ('  iMHonies  full  of  mercury,  and  the  air  driven  off.  B 
then  dosed.  On  lt>wering  /^  the  mercury  nms  into  it  from  C,  and  a  vacui 
is  established  in  ('.  (hi  o|>ening  A' and  lowering  3/.  a  vacuum  is  simila 
established  in  F\  if  (r  U»  now  ofHMied.  the  blixxi  in  /will  enter  ebullition,  a 
th«»  ga.ses  will  pi»ss  i»tT  into  F  and  ( '.  and  on  raising  M  and  then  i.  the  stopc< 
H  U'ing  »»ix'netl.  the  gj\s  is  driven  through . I.  and  is  received  into  the  recei 
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mrrciuy*     By  repeating  th«^  experiment  several   times  the  whole  of  the 
I  of  the  specimeti  of  blood  ia  obtained,  and  may  be  estimated. 


A.  The  Oxygen  of  the  Blood. — It  has  been  found  that  a  very 
lall  proportion  of  the  oxygen  which  can  be  obtained,  by  the  aid  of  the 
lercurial  pump  from  the  blood,  exists  in  a 
lie  of  simple  gohition  in  the  plasma.     If 
be  gas  were  in  simple  solution,  tiie  amount 
oxygen  in  any  given    quantity  of  blood, 
iposed  to  any  given  atmosphere,  ought  to 
iry  with  the  amount  of  oxygen  contained  in 
fie  atmosphere.     Since,  speaking  generally, 
le  aniounl  of  any  gas  absorbed  by  a  liquid 
ich  us  plasma  would  depend  upon  the  pro- 
[)rtion    of    the  gas   in    the   atmosphere   to 
rhich  the  lirpud  ia  exposed — if  the  propor- 
Kon  is  great,  the  absorption  will  be  great;  if 
lall^  the  absorption  will  be  similarly  small. 
The  Absorption  continues  until  the  propor- 
ioQfi  of  the  gas  in  the  liquid  and  in  the  at- 
aoephere  are  eqnaL     Other  things  will,  of 
>urse»  influence  the  absorption,  such  as  the 
ture  of  the  gas  employed,  the  nature  of 
liquid  and  the  tt^mimrnture,  but  erpferis 
iribuSf  the  amount  of  a  gas  whioli  a  liquid 
Ibsorbs  depends  upon  the  proportion  —  the 
-Called   partial  pressure — of  the  gas  in 
tie  atmosphere  to  which  the  liquid  is  eub- 
ected.     And  conversely,  if  a  liquid  contain- 
ing a  gas  in  solution  be  exposed  to  an  atmo- 
sphere containing  none  of  the  gas,  the  gas 
rill  be  given  up  to  the  atmonphere  until  the 

loont  in  the  liquid  and  in  the  atmosphere  becomes  equal, 
dition  is  called  a  condition  of  eqnuJ  tf*nsii>ns^ 


Fig.  IIM.— Liidwljg')*  Mercurial 
Pump 


This  con- 


Tbe  candition  may  be  understood  by  a  simple  illttetration.     A  large  amount 

\  carbonic  acid  gas  is  dissolved  in  a  bottle  of  wat<;*r  by  oxposin^  the  liquid  to 

!  pressure  of  the  gas,  and  a  cork  is  plm-i^d  in  the  bottle  ami  wired  down* 

\  exists  ia  the  water    in  a  condition  of  tension,  and  therefore  exhibita 

\  leadeticy  to  eacape  into  the  atmosphere,  in  order  to  relieve  the  tension  ;  this 

produces  the  violent  expulsion  of  the  cork  when   the  wire   ia  removetl,  and   if 

the  aerated  w*ater  is  placed  in  a  glass  tlie  gaa  will  continue  to  be  evolved  until 

it  has  almoet  entirely  jiassed  into  the  atmosphere,  and   the  tension  of  the  gaa 

the  water  approximates  to  that  of  the   atniiiephere,  in  which,  it  should   be 

rnemhiered,    the  L-arbon   dioxide   is,    naturally,    in  very  small  amount^  viz., 

per  cenU 


150  HAXDBOOK  OF  PHT8I0L06T. 

The  oxygen  of  the  blood  does  not  obey  thu  law  of  pressure.  For  if 
blood  which  contains  little  or  no  oxygen  be  exposed  to  a  snccession  of 
atmoBpheres  containing  more  and  more  of  that  gas,  we  find  that  the 
ab6ori)Cion  is  at  first  very  great,  but  soon  becomes  relatively  very  gmall, 
not  being  therefore  regularly  in  proportion  to  the  increased  amoant  (or 
tension)  of  the  oxygen  of  the  atmospheres,  and  that  conyersely,  if  art^ 
rial  blood  be  submitted  to  regularly  diminishing  pressures  of  oxygen,  it 
first  very  little  of  the  contained  oxygen  is  given  off  to  the  atmosphere, 
then  suddenly  the  gas  escapes  with  great  rapidity,  and  again  dieobeji 
the  law  of  pressures. 

Very  little  oxygen  Ciin  be  obtained  from  plasma  freed  from  blood 
corpuscles,  even  by  the  strongest  mercurial  air-pnmp,  neither  can  it  be 
made  to  absorb  a  large  quantity  of  that  gas;  but  the  small  quantitj 
which  is  so  given  up  or  so  absorbed  follows  the  laws  of  absorption  ac- 
cording to  pressure. 

It  must  be,  therefore,  evident  that  the  chief  part  of  the  oxygen  ig 
contained  in  the  corpuscles,  and  not  in  a  state  of  simple  solution.  The 
chief  solid  constituent  of  the  colored  corpuscles  is  kiBmoglobin,  which 
constitutes  more  than  90  per  cent  of  their  bulk.  This  body  has  a  very 
remarkable  af!inity  for  oxygen,  absorbing  it  to  a  very  definite  extent 
under  favorable  circumstances,  and  giving  it  up  when  subjected  to  the 
action  of  reducing  agents,  or  to  a  sufficiently  low  oxygen  pressure.  From 
these  facts  it  is  inferred  that  the  oxygen  of  the  blood  is  combined  tcifh 
hiPmofjlohin,  and  not  simply  dissolved;  but  inasmuch  as  it  is  compara- 
tively oasy  to  cMUse  the  liapnioglobin  to  give  up  its  oxygen,  it  is  believed 
that  the  oxygen  is  but  Inusvly  combined  with  the  substance. 

Haemoglobin. — ILvmoglobin  is  a  crystallizable  body  which  consti- 
tutes by  far  the  largest  portion  of  the  colored  corpuscles.  It  is  intimately 
distributed  throughout  their  stroma,  and  must  be  dissolved  out  before 
it  will  undergo  (rrystiillization.  Its  percentage  composition  is  C.  53.85; 
H.  7.:i'2;  N.  H).17-  0.  21.S4;  S.  .G3;  Fe.  .42;  and  if  the  molecule  be 
Hup})osod  to  (Mmtaiu  one  atom  of  iron  the  formula  would  be  Ceoo,  Hho» 
Nir.i,  Fe  S;,  ()i7,,.  The  most  interesting  of  the  properties  of  haemoglobin 
are  its  })ower8  o(  erystnllizing  and  its  attraction  for  oxygen  and  other 
gases. 

Crt/sfa'/s, — Tlie  luvmoglobin  of  the  blood  of  various  animals  possesses 
the  power  of  crystiillizing  to  very  different  extents  (haemoglobin).  In 
some  animals  the  formation  of  crystals  is  almost  spontaneous,  whereas 
in  others  it  takes  })laoe  either  with  great  difficulty  or  not  at  all.  Among 
the  animals  whose  blood  coloring-matter  crystallizes  most  readily  are 
the  guinea-})ig,  rat,  s<iuirrel,  and  dog;  and  in  these  cases  to  obtain 
crystals  it  is  generally  sufficient  to  dilute  a  drop  of  recently-drawn  blood 
with  water  and  to* expose  it  for  a  few  minutes  to  the  air.  Light  seems 
to  favor  the  formation  of  the  crystals.     In  many  instances  other  means 
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I8t  be  adopted,  e.ff.^ihe  addition  of  alcohol,  ether, or  cbloroform, rapid 
ag,  and  then  thawing,  an  electric  current,  a  temperature  of  60''  C, 
F*),  the  addition  of  sodium  sulphate,  or  the  addition  of  decom- 
ig  serum  of  another  animal. 
The  haemoglobin  of  human  blood  crystallizes  with  difficulty,  as  does 

Ihat  of  the  ox,  the  pig,  the  sheep,  and  the  rabbit. 
The  forms  of  haemoglobin  crystals,  as  will  be  seen  from  the  appended 
tree,  differ  greatly. 

Haemoglobin  crystals  are  soluble  in  water.     Both  the  crystala  them- 
iTes  and  also  their  solutions  have  the  characteristic  color  of  arterial 

A  dilute  solution  of  oxy-hajmoglobin  gives  a  characteristic  appear- 
with  the  spectroscope.     Two  absorption  bands  are  seen  between 


^>>^ 


./ 


Fife.  IHB.— Cryrtateof  oxy-hiemnglobin— 
inrlamatlc*  frotn  humiui  btood. 


FJg.  lao— Oxy-Ii*BmoKlo*»ln  erystala-iwtm- 
hctlml,  from  blood  of  the  )?uiii«4i  pig*. 


ihe  solar  lines  n*  (whirh  is  the  sodium  band  in  the  yellow)  and  K  *  (see 
plate),  one  in  tlie  yellow,  with  its  middle  line  some  little  way  to  the  right 
of  o,  is  very  intense,  but  narrower  than  the  other,  which  lies  in  the 
green  near  to  the  left  of  e.  Each  band  is  darkest  in  the  middle  and 
fadee  away  at  the  sides.  As  the  strength  of  the  solution  increases  the 
bands  become  broader  and  deeper,  and  both  the  red  and  the  blue  ends 
of  the  spectrum  become  encroached  upon  until  the  bands  coalesce  to 
form  one  ver>'  broad  band,  and  only  a  slight  amount  of  the  green  re- 
mains unabsorbed,  and  part  of  the  red;  on  still  further  increase  ef 
strength  the  former  disappears. 

If  the  crystals  of  oxy-hiBmoglobin  be  subjected  to  a  mercurial  air- 
pump  they  give  off  a  definite  amount  of  oxygen  (1  gramme  giving  off 
1.59  com.  of  oyxgen),  and  they  become  of  a  purple  color;  and  a  solution 
of  oxy-haBmoglobin  may  be  made  to  give  up  oxygen,  and  to  become  pur- 
ple in  a  similar  manner. 


u% 
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This  change  may  be  also  effected  by  paa^iiig  through  the  solution  ol 
blood  or  of  oxy-haemoglobin,  hydrogen  or  nitrogen  gas,  or  by  the  action 
of  reducing  agents,  of  which  Stoker's  flaid  *  or  aramonium  sulphide  are 
the  moBt  convenient. 

With  the  spectroscope,  a  solution  of  deoxidized  or  reduced  hamo^oUn 
in  found  to  gire  an  entirely  different  appearance  from  that  of  oiidiMd 
haemoglobin.  Instead  of  the  two  bands  at  d  and  e  we  find  a  gingle 
broader  but  fainter  band  occupying  a  position  midway  between  the  two, 
and  at  the  same  time  less  of  the  blue  end  of  the  spectrum  is  absorbed. 
Even  in  strong  solutions  this  latter  appearance  is  found,  thereby  differ* 
log  from  the  strong  solution  of  oxidized  haemoglobin  which  letsthn)Dgb 
only  the  red  and  omnge  rays;  accordingly  to  the  naked  eye  the  one 
(reduced  haemoglobin  solation)  appears  purple,  tlie  other  (oxy-h©moglo- 


F1ir.  l^.-^HMEigQiial  osy-h^mogloblQ  cmctak,  fri«in  h\*to6  of  «]i]lrrel.    Oo  ftifpw?  hezagou*! plaits 
t*H«ttiAlic  cirat&Ls  Ki^>ut»e<l  in  a^ellftte  matiijor  not  un frequently  ooeur  (Rafter  Fuuke). 

bin  solution)  red.     The  deoxidized  cryetals  or  their  solutions  quicktj 
absorb  oxygen  on  exposure  to  the  air,  becoming  scarlet.     If  solutioas     ^ 
of  blood  be  taktni  instead  of  solutions  of  haemoglobin,  results  similar  ta^ 
the  whole  of  tlie  foregoing  can  be  obtained.  " 

Venous  blood  never,  except  in  the  last  stages  of  asphyxia^  fails  to 
show  the  oxy-ha5moglobin  baiuls,  inns  much  as  the  greater  part  of  the 
hemoglobin  even  in  venous  blood  exmia  in  the  more  highly  oxidized  con- 
dition. 

Action  of  Gases  on  Hmmoglohin, —CftrfMmic  ojcide  gas,  passed 
through  a  eolution  of  hiemoglobin,  caueea  it  to  assume  a  cherry* red  color, 

^  Stokts'a  Fluid  consists  of  a  solution  of  ferrous  wulphofe,  to  which  animotua, 
ha«  \i09ix  udiknl  ami  Hiiflfirient  tartaric  acid  U*  prevent  precipitation.     Anothd 
rtHJuriiig  aj^*»iit  is  ft  stiliiliori  nf  gtavntrni*  chloride,  ireateil    in  a  way  similar 
tilt*  ft^rrous  Hulphate.  and  ti  thirt!  reagent  of   like  nature  is  an  aqueous  solulio 
of  yellow  atttmonium  ttidphide,  NH,  HS, 
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and  to  present  a  slightly  altered  spectrum ;  two  bands  are  still  yisible, 
bat  are  slightly  nearer  the  blue  end  than  those  of  ox} -hemoglobin  (see 
plate).  The  amount  of  carbonic  oxide  taken  up  is  equal  to  the  amount 
of  the  oxygen  displaced.  Although  the  carbonic  oxide  gas  readily  dis- 
places oxygen,  the  reverse  is  not  the  case,  and  upon  this  property  de- 
'pends^  the  dangerous  effect  of  coal-gas  poisoning.  Coal  gas  contains 
mach  carbonic  oxide,  and  when  breathed,  the  gas  combines  with  the 
littmoglobin  of  the  blood,  and  produces  a  compound  which  cannot  easily 
be  reduced.  This  compound  (carb-oxy-hsemoglobin)  is  by  no  means  an 
oxygen  carrier,  and  death  may  result  from  suffocation  due  to  the  want 
of  oxygen  notwithstanding  the  free  entry  of  pure  air  into  the  lungs. 
Crystals  of  carbonic-oxide  hemoglobin  closely  resemble  those  of  oxj- 
haemoglobin. 

Nitric  oxide  produces  a  similar  compound  to  the  carbonic-oxide 
haemoglobin,  which  is  even  less  easily  reduced. 

Nitrous  axide  reduces  oxy-h«moglobin,  and  therefore  leaves  the  re- 
duced hemoglobin  in  a  condition  to  actively  take  up  oxygen. 

Sulphuretted  Hydrogen. — If  this  gas  be  passed  through  a  solution  of 
oxy-haemoglobin,  the  hemoglobin  is  reduced  and  an  additional  band 
appears  in  the  red.  If  the  solution  be  then  shaken  with  air,  the  two 
bands  of  oxy-hemoglobin  replace  that  of  reduced  hemoglobin,  but  the 
band  in  the  red  persists. 

Methaemoglobin. — If  an  aqueous  solution  of  oxy-hemoglobin  is 
exposed  to  the  air  for  some  time,  its  spectrum  undergoes  a  change;  the 
two  D  and  e  bands  become  faint,  and  a  new  line  in  the  red  at  c  is  devel- 
oped. The  solution,  too,  becomes  brown  and  acid  in  reaction,  and  is  pre- 
cipitable  by  basic  lead  acetate.  This  change  is  due  to  the  decomposition 
of  oxy-hemoglobin,  and  to  the  production  of  methcemoghhin.  On  add- 
ing ammonium  sulphide,  reduced  hemoglobin  is  produced,  and  on  shak- 
ing this  up  with  air,  oxy-hemoglobin  is  reproduced.  Methemoglobin 
is  probably  a  stage  in  the  deoxidation  of  oxy-hemoglobin.  It  appears 
to  contain  less  oxygen  than  oxy-hemoglobin,  but  more  than  reduced 
hemoglobin.  Its  oxygen  is  in  more  stable  combination,  however,  than 
is  the  case  with  the  former  compound. 

Estimation  of  Haemoglobin.— The  most  exact  method  is  by  the 
estimation  of  the  amount  of  iron  (dry  hemoglobin  containing  .42  per 
cent  of  iron)  in  a  given  specimen  of  blood,  but  as  this  is  a  somewhat 
complicated  process,  various  methods  have  been  proposed  which,  though 
not  so  exact,  have  the  advantage  of  simplicity.  In  Gower's  hemoglobin- 
ometer,  this  consists  in  comparing  the  color  of  a  given  small  amount 
of  diluted  blood  with  glycerine  jelly  tinted  with  carmine  and  picro-car- 
mine  to  represent  a  standard  solution  of  blood  diluted  one  hundred 
times.  The  amount  of  dilution  which  the  given  blood  requires  will 
thus  approximately  represent  the  quantity  of  hemoglobin  it  contains. 
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But  of  the  several  varieties  of  haemoglobinometer  that  which  appears  to 
be  tJie  best  adapted  to  its  piirpoee  is  that  invented  by  Professor  Fleisclii, 
of  Vienna.  In  this  instniment,  the  amount  of  haemoglobin  in  a  solution 
of  blood  is  estimated  bj  comparing  a  stratum  of  diluted  blood  with  a 
standard  solid  substance  of  uniform  tint  similar  spectroscopically  to  di- 
luted blood.  In  order  that  the  strength  of  color  in  the  standard  gub- 
stance  may  be  vjiried,  the  red  tinted  glass  is  made  wedge-ahaped.  Thii, 
which  is  called  the  comparison  wedge,  is  cemented  on  to  a  colorlesa 
plain  strip  of  glass,  and  is  mounted  in  a  frame  (fig-  138,  F)  made  to 
slide  in  a  Y-shaped  groove,  on  the  under  surface  of  the  stage  of  the  in- 
airumcnt.     The  comparison  wedge,  A\  is  so  placed  that  one  of  its  lon^- 


tndinal  edges  bisects  the  circular  stage-opening,  so  that  one-half  of  the 
latter  is  out  off  by  the  red-tinted  wedge.  Into  the  stage-opening  fits 
a  small  circular  trough,  (r,  having  a  glass  bottomland  divided  into  equal 
compartments  by  a  thin  lamina.  One  compartment,  at,  is  filled  in  the 
manner  to  be  presently  iTHiicated  with  diluted  blood,  and  the  other,  a', 
with  water;  the  trough  is  so  placed  that  the  lamina  is  in  one  plane  with 
the  edge  of  the  wedge,  the  water  compartment  being  above  the  wedge 
and  the  blood  compartment  above  the  free  half  of  the  st*ige  opening. 
By  turning  the  screw  head,  7\  the  frame,  /^  with  the  w^edge,  A',  may 
be  moved  backward  and  forward  until  a  position  is  found  where  the  in- 
tensity of  the  tints  due  to  the  stratum  of  blood  on  the  one  hand  and  the 
tliickness  of  the  wedge  on  the  other  appears  to  be  equal.  The  required 
degree  of  dilution  is  obtained  by  the  use  of  small  capillary  tubes  of  a 
capacity  varying  from  0  to  8  cmm*  The  capillary  pipette  is  filled  with 
blood  and  is  held  over  the  blood  compartment  and  its  contents  thor- 
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ooghly  washed  out  into  that  compartment,  and  the  blood  and  water  are 
mixed  with  a  wire.  Water  is  then  added  until  the  blood  compartment 
is  quite  full.  The  other  compartment  is  filled  with  water.  Light  is 
then  reflected  by  the  mirror,  *S,  so  as  to  illuminate  both  compartments. 
By  moving  K  by  means  of  the  milled  head,  T,  a  position  of  K  may  be 
found  corresponding  to  the  exact  intensity  of  the  light  passing  through 
the  two  compartments;  this  is  read  off  at  if  on  the  scale  Fy  the  division 
of  which  corresponds  to  standard  strengths  of  solutions  of  haemoglobin. 
Distribution  of  Haemoglobin. — HsBmoglobin  occurs  not  only  in  the 
red  blood-cells  of  all  vertebrata  (except  amphioxus  and  leptocephalus 
whose  blood-cells  are  all  colorless,)  but  also  in  similar  cells  in  many 
Worms;  moreover,  it  is  found  diffused  in  the  vascular  fluid  of  some 
other  worms  and  certain  Crustacea;  it  also  occurs  in  all  the  striated  mus- 
cles of  Mammals  and  Birds.  It  is  generally  absent  from  unstriated 
muscle  except  that  of  the  rectum.  It  has  also  been  found  in  Mollusca 
in  certain  muscles  which  are  specially  active^  viz.,  those  which  work  the 
rasp-like  tongue. 

Derivatives  of  Haemoglobin. 

Haematin. — By  the  action  of  heat,  or  of  acids  or  alkalies  in  the 
presence  of  oxygen,  haemoglobin  can  be  split  up  into  a  substance  called 
UcBtnatin^  which  contains  all  the  iron  of  the  haemoglobin  from  which  it 
was  derived,  and  a  proteid  residue.  Of  the  latter  it  is  impossible  to  say 
more  than  that  it  probably  consists  of  one  or  more  bodies  of  the  globu- 
lin class.  If  there  be  no  oxygen  present,  instead  of  haematin  a  body 
called  haemochromogen  is  produced,  which,  however,  will  speedily 
undergo  oxidation  into  hsematin. 

Hsematin  is  a  dark  brownish  or  black  non-crystallizable  substance  of 
metallic  lustre.  Its  percentage  composition  is  C.  64.30;  H.  5.50;  N. 
9.06;  Fe.  8.82;  0.  12.32;  which  gives  the  formula  Ces,  H70,  Ns,  Fea, 
Oio  (Hoppe-Seyler).  It  is  insoluble  in  water,  alcohol,  and  ether;  solu- 
ble in  the  caustic  alkalies;  soluble  with  difficulty  in  hot  alcohol  to  which 
is  added  sulphuric  acid.  The  iron  may  be  removed  from  hsematin  by 
heating  it  with  fuming  hydrochloric  acid  to  160°  C.  (320°  F.),  and  a 
new  body,  haematoporphyrin,  the  so-called  iron-free  hsematin,  is  pro- 
duced. HaBmatoporphyrin  (Ces,  H74,  Ns,  O12,  Hoppe-Seyler)  may  also  be 
obtained  by  adding  blood  to  strong  sulphuric  acid,  and  if  necessary 
filtering  the  fluid  through  asbestos.  It  forms  a  fine  crimson  solution, 
which  has  a  distinct  spectrum,  viz.,  a  dark  band  just  beyond  d,  and  a 
second  all  but  midway  d  and  e.  It  may  be  precipitated  from  its  acid 
solution  by  adding  water  or  by  neutralization,  and  when  redissolved 
in  alkalies  presents  four  bands,  a  pale  band  between  c  and  d,  a  second 
between  d  and  e,  nearer  d,  another  nearer  e,  and  a  fourth  occupying 
the  chief  part  of  the  space  between  b  and  f. 
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Hmmatin  in  arid  solution. — If  an  ezceBS  of  acetic  acid  is  added  to 
bloody  and  the  aolation  is  boiled,  the  color  alters  to  brown  from  decom- 
position of  haemoglobin  and  the  setting  free  of  hsBmatin;  by  shaking 
this  solution  with  ether,  a  solution  of  hsematin  in  acid  solution  is  obtainei 
The  spectrum  of  the  ethereal  solution  (colored  plate)  shows  no  less  than 
four  absorption  bands,  riz.,  one  in  the  red  between  c  and  d,  one  faint 
and  narrow  close  to  d  and  then  two  broader  bands,  one  between  d  and 
K,  and  another  nearly  midway  between  b  and  f.  The  first  band  is  bj 
far  the  most  distinct,  and  the  acid  aqueous  solution  of  hsBmatin  shovB 
it  plainly. 

Ilamatin  in  alkaline  solution. — If  a  caustic  alkali  is  added  to  blood 
and  the  solution  is  boiled,  alkaline  h»matin  is  produced,  and  the  soln- 
tion  becomes  olive  green  in  color.  The  absorption  band  of  the  new 
compound  is  in  the  red,  near  to  D,  and  the  blue  end  of  the  spectrum  u 
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FlR.  l».-H»matoldin  cryiitate.    (Trey.)  Fig.  140.>-HaMnin  crytUOs.    (Frey.) 


absorbed  to  a  considenible  extent.  If  a  reducing  agent  be  added,  two 
buiidM  resembling  those  of  oxy-h»moglobin,  but  nearer  to  the  blue,  ap- 
pear; tliis  is  the  spectrum  of  reduced  hcematin,  or  haemochromogen. 
On  violently  slmking  the  reduced  haematin  with  air  or  oxygen  the  two 
bands  iire  replaced  by  tiie  single  band  of  alkaline  hamatin. 

Hxmatoidin. — This  substance  is  found  in  the  form  of  yellowish 
cr.TBtals  (tig.  I3l»)  in  old  blood  extravasations  and  is  derived  from  the 
lm»nu)globin.  Their  crystalline  form  and  the  reaction  they  give  with 
fuming'  nitric  acid  seem  to  show  them  to  be  closely  allied  to  Bilirubin, 
the  chief  coloring  matter  of  the  bile,  and  in  composition  they  are  prob- 
ably either  identical  or  isomeric  with  it. 

Hamin.— One  of  the  most  important  derivatives  of  haematin  is 
Im^rnin.  It  is  usually  calleii  Hifdmrhlorafe  of  Htrmatin  (or  hydrochlor- 
ide),  but  its  exact  chemical  composition  is  uncertain.  Its  formula  is 
Siud  to  W  C,s,  H:o,  N\,  tV,,  O.o,  v>  Hd.  and  it  contains  5.18  per  cent  of 
chlorine,  but  by  some  it  is  looked  upon  as  simply  crystallized  h»matin. 
Although  ditticult  to  obtain  in  bulk,  a  specimen  may  be  eaailv  made  for 
the  micnwope  in  the  following  way:- A  small  drop  of  dri^  blood  is 
finely  powdered  with  a  few  crystals  of  common  salt  on  a  glass  slide  and 
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■pread  out;  a  cover  glass  is  then  placed  upon  it^  and  glacial  acetic  acid 
added  by  means  of  a  capillary  pipette.  The  blood  at  once  turns  of  a 
lirownish  color.  The  slide  is  then  heated,  and  the  acid  mixture  evapo- 
imted  to  dryness  at  a  high  temperature.  The  excess  of  salt  is  washed 
away  with  water  from  the  dried  residue,  and  the  specimen  may  then  be 
dried  and  mounted.  A  large  number  of  small,  dark,  reddish  black  crys- 
tals of  a  rhombic  shape,  sometimes  arranged  in  bundles,  will  be  seen  if 
the  slide  be  subjected  to  microscopic  examination  (fig.  140). 

The  formation  of  these  bsemin  crystals  is  of  great  interest  and  im- 
portance from  a  medico-legal  point  of  view,  as  it  constitutes  the  most 
certain  and  delicate  test  we  have  for  the  presence  of  blood  (not  of  ne- 
cessity the  blood  of  man)  in  a  stain  on  clothes,  etc.  It  exceeds  in  deli- 
cacy even  the  spectroscopic  test.  Compounds  similar  in  composition  to 
hemin,  but  containing  hydrobromic  or  hydriodic  acid,  instead  of  hydro- 
chloric, may  be  also  readily  obtained. 

B.  The  Carbon  Dioxide  Gas  in  the  Blood.— Of  this  gas  in  the 
blood  part  exists  in  a  state  of  simple  solution  in  the  plasma,  and  is  given 
np  in  vacuo  (35.2  per  cent),  and  the  rest  in  a  state  of  weak  chemical 
combination.  It  is  believed  that  the  latter  is  combined  with  the  sodium 
carbonate  in  a  condition  of  bicarbonate,  and  is  not  given  up  until  an  acid 
is  added  to  the  plasma  or  serum.  Some  observers  consider  that  part  of 
the  gas  is  associated  with  the  corpuscles.     (See  also  under  Respiration.) 

C.  The  Nitrog:en  in  the  Blood.— The  whole  of  the  small  quantity 
of  the  nitrogen  contained  in  the  blood  is  simply  dissolved  in  the  fluid 
plasma. 

Chemical  Composition  of  the  Blood  in  Bulk.— Analyses  of  the 
blood  as  a  whole  differ  slightly,  but  the  following  table  may  be  taken  to 
represent  the  average  composition : 

Water 784 

Solids— 

Corpuscles 180 

Proteids  (of  serum) 70 

Fibrin  (of  clot) 2.2 

Fatty  matters  (of  serum)    .  1.4 

Inorganic  salts  (of  serum)      ....        6 

Oases,  kreatin,  urea   and    other   extractive    )    «  - 

matter,  glucose  and  accidental  substances     f 

216 

1000 

Variations  in  the  Composition  of  healthy  Blood. 

The  conditions  whicli  appear  most  to  influence  the  composition  of 
the  blood  in  health  are  these:  Sex,  Pregnancy,  Age,  and  Temperament. 
The  composition  of  the  blood  is  also,  of  course,  much  influenced  by  diet. 

1.  Sex. — The  blood  of  men  differs  from  that  of  women,  chiefly  in 
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being  of  somewhat  higher  specific  grarity,  from  its  containing  a  relativelj 
larger  quantity  of  red  corpuscles. 

2.  Pregnancy. — The  blood  of  pregnant  women  is  rather  lower  than 
the  average  specific  gravity,  from  deficiency  of  colored  corpuscles.  The 
quantity  of  the  colorless  corpuscles,  on  the  other  hand,  and  of  fibrin,  is 
increased. 

3.  Age. — The  blood  of  the  foetus  is  very  rich  in  solid  matter,  and 
especially  in  colored  corpuscles;  and  this  condition,  gradually  diminish- 
ing, continues  for  some  weeks  after  birth.  The  quantity  of  solid  matter 
then  falls  during  childhood  below  the  average,  rises  during  adult  life, 
and  in  old  age  falls  again. 

4.  Temperament, — There  appears  to  be  a  relatively  larger  quantity  of 
solid  matter,  and  particularly  of  colored  corpuscles,  in  those  of  a  plethoric 
or  sanguineous  temperament. 

5.  Diet, — Such  differences  in  the  composition  of  the  blood  as  are  due 
to  the  temporary  presence  of  various  matters  absorbed  with  the  food  and 
drink,  as  well  as  the  more  lasting  changes  which  must  result  from  gen- 
erous or  poor  diet  respectively,  need  be  here  only  referred  to. 

6.  Effects  of  Bleeding.— The  result  of  bleeding  is  to  diminish  the 
specific  gravity  of  the  blood ;  and  so  quickly,  that  in  a  single  venesection, 
the  portion  of  blood  last  drawn  has  often  a  less  specific  gravity  than  that 
of  the  blood  that  flowed  first.  This  is,  of  course,  due  to  absorption  of 
fluid  from  the  tissues  of  the  body.  The  physiological  import  of  this 
fact,  namely,  the  instant  absorption  of  liquid  from  the  tissues,  is  the 
same  as  that  of  the  intense  thirst  which  is  so  common  after  either  loss 
of  blood,  or  the  abstraction  from  it  of  watery  fluid,  as  in  cholera,  dia- 
betes, and  the  like. 

For  some  little  time  after  bleeding  the  want  of  colored  corpuscles  is 
well  marked,  but  with  this  exception,  no  considerable  alteration  seems 
to  be  produced  in  the  composition  of  the  blood  for  more  than  a  very 
short  time;  the  loss  of  the  other  constituents,  including  the  colorless 
corpuscles,  being  very  quickly  repaired. 

Variations  in  different  parts  of  the  Body. — The  composition  of  the 
blood,  as  might  be  expected,  is  found  to  vary  in  different  parts  of  the 
body.  Thus  arterial  blood  differs  from  venous;  and  although  its  com- 
position and  general  characters  are  uniform  throughout  the  whole  course 
of  the  systemic  arteries,  they  are  not  so  throughout  the  venous  system 
— the  blood  contained  in  some  veins  differing  remarkably  from  that  in 
others. 

Differences  hetioeen  Arterial  and  Venous  Blood. — The  differences  be- 
tween arterial  and  venous  blood  are  these ; — 

(a.)  Arterial  blood  is  bright  red,  from  the  fact  that  almost  all  its 
haemoglobin  is  combined  with  oyxgen  (Oxy-haemoglobin,  or  scarlet  hae- 
moglobin), while  the  purple  tint  of  venous  blood  is  due  to  the  deoxida- 
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ton  of  a  certain  quantity  of  its  oxy-hsBmoglobiny  and  its  consequent 
eduction  to  the  purple  variety  (Deoxidized^  or  purple  bsemoglobin). 

(&)  Arterial  blood  coagulates  somewhat  more  quickly. 

(c.)  Arterial  blood  contains  more  oxygen  than  venous,  and  less  car- 
onic  acid. 

Some  of  the  veins  contain  blood  which  differs  from  the  ordinary 
fcandard  considerably.  These  are  the  Portal,  the  Hepatic,  and  the 
Iplenic  veins. 

Portal  vein. — The  blood  which  the  portal  vein  conveys  to  the  liver 
B  Bupplied  from  two  chief  sources;  namely,  from  the  gastric  and  mes- 
nteric  veins,  which  contain  the  soluble  elements  of  food  absorbed  from 
he  stomach  and  intestines  during  digestion,  and  from  the  splenic  vein; 
t  must,  therefore,  combine  the  qualities  of  the  blood  from  each  of  these 
ources. 

The  blood  in  the  gastric  and  mesenteric  veins  will  vary  much  ac- 
ording  to  the  stage  of  digestion  and  the  nature  of  the  food  taken,  and 
an  therefore  be  seldom  exactly  the  same.  Speaking  generally,  and 
rithont  considering  the  sugar,  and  other  soluble  matters  which  may 
lare  been  absorbed  from  the  alimentary  canal,  this  blood  appears  to  be 
leficient  in  solid  matters,  especially  in  colored  corpuscles,  owing  to  di- 
ation  by  the  quantity  of  water  absorbed,  to  contain  an  excess  of  proteid 
natter,  and  to  yield  a  less  tenacious  kind  of  fibrin  than  that  of  blood 
generally. 

The  blood  from  the  splenic  vein  is  generally  deficient  in  colored  cor- 
mscles,  and  contains  an  unusually  large  proportion  of  proteids.  The 
Ibrin  obtainable  from  the  blood  seems  to  vary  in  relative  amount,  but 
o  be  almost  always  above  the  average.  The  proportion  of  colorless  cor- 
msclee  is  also  unusually  large.  The  whole  quantity  of  solid  matter  is 
lecreased,  the  diminution  appearing  to  be  of  colored  corpuscles.  The 
ilasma  is  said  to  be  colored  in  consequence  of  its  containing  dissolved 
inmatin. 

The  blood  of  the  portal  vein,  combining  the  peculiarities  of  its  two 
actors,  the  splenic  and  mesenteric  venous  blood,  is  usually  of  lower 
pecific  gravity  than  blood  generally,  is  more  watery,  contains  fewer 
iolored  corpuscles,  more  proteids,  and  yields  a  less  firm  clot  than  that 
rielded  by  other  blood,  owing  to  the  deficient  tenacity  of  its  fibrin. 

Guarding  (by  ligature  of  the  portal  vein)  against  the  possibility  of 
kn  error  in  the  analysis  from  regurgitation  of  hepatic  blood  into  the 
K>rtal  rein,  recent  observers  have  determined  that  hepatic  venous  blood 
iontains  less  water,  proteids,  and  salts  than  the  blood  of  the  portal 
'eins;  but  that  it  yields  a  much  larger  amount  of  extractive  matter, 
n  which  is  one  constant  element,  namely,  grape-sugar,  which  is  found, 
rhether  saccharine  or  farinaceous  matter  has  been  present  in  the  food 
»r  not. 
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Development  of  the  Blood-Corpuscles. 

The  first  formed  blood-corpnscles  of  the  human  embryo  diflFer  mndt 
in  their  general  characters  from  those  which  belong  to  the  later  periods 
of  intra-uterine,  and  to  all  periods  of  extra-uterine  life.  Their  manner 
of  origin  is  at  first  very  simple. 

Surrounding  the  early  embryo  is  a  circular  area,  called  the  vaBcokr 
area,  in  which  the  first  rudiments  of  the  blood-vessels  and  blood-corpus- 
cles are  developed.  Here  the  nucleated  embryonal  cells  of  the  meso- 
blast,  from  which  the  blood-vessels  and  corpuscles  are  to  be  formed, 
send  out  processes  in  various  directions,  and  these  joining  together, 
form  an  irregular  meshwork.  The  nuclei  increase  in  number,  and  col- 
lect chiefly  in  the  larger  masses  of  protoplasm,  but  partly  also  in  the 


Fig.  141.— Part  of  the  network  of  developine  blood-vemels  in  the  ▼ascular  area  of  a  goinea-picr. 
blj  blood-corpusclfs  beoominir  free  in  an  enlarged  and  hollowed-out  part  of  the  network ;  a,  process 
of  protoplasm.    (E.  A.  Scb&fer.) 

processes.  These  nuclei  gather  around  them  a  certain  amount  of  the 
protoplasm,  and  becoming  colored,  form  the  red  blood-corpuscles.  The 
protoplasm  of  the  cells  and  their  branched  net-work  in  which  these 
corpuscles  lie  then  become  hollowed  out  into  a  system  of  canals  inclos- 
ing fluid,  in  which  the  red  nucleated  corpuscles  float.  The  corpuscles 
at  first  are  from  about  -^-^  to  -p^  of  an  inch  (10/i  to  I6/1)  in  diameter, 
mostly  spherical,  and  with  granualr  contents,  and  a  well-marked  nucleus. 
Their  nuclei,  which  are  about  -^^  of  an  inch  (5/x)  in  diameter,  are  cen- 
tral, circular,  very  little  prominent  on  the  surfaces  of  the  corpuscles, 
and  apparently  slightly  granular  or  tuberculated. 

The  corpuscles  then  strongly  resemble  the  colorless  corpuscles  of  the 
fully  developed  blood,  but  are  colored.  They  are  capable  of  amoeboid 
movement  and  multiply  by  division. 

When,  in  the  progress  of  embryonic  developmert,  the  liver  begins  to 
be  formed,  the  multiplication  of  blood-cells  in  the  whole  mass  of  blood 
ceases,  and  new  blood-cells  are  produced  by  this  organ,  and  also  by  the 
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lymphatic  glands,  thymus^  and  spleen.  These  are  at  first  colorless  and 
nucleate,  hot  afterward  acquire  the  ordinary  blood-tinge»  and  resemble 
▼cry  much  those  of  the  first  set.  They  also  moltiply  by  diyision.  In 
whicheTer  way  produced^  however,  whether  from  the  original  formati?6 
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.  of  red  cafpu0cle»  In  csoiioeotlT«  Cteue  oeUft.  From  the  Aubciitan«oiia 
r^bofn  r»t,  h,  m  oefl  ocmtAiniiiir  hsmo^loblii  In  «  diffiu^  form  in  th«  protopUsoQ ;  h\ 
I  colored  iriooiulei  of  wyliur  slae  uad  vacuotn;  h\  a  cell  flUed  with  coiorm  gtobulea 
wm^miATf  developing  tml,  oeUs.    (E.  A.  SchiLfer.) 


oella  of  the  embryo^  or  by  the  liver  and  the  other  organs  mentioned 
abore,  these  colored  nucleated  cells  begin  very  early  in  fcetal  life  to  be 
mingled  with  colored  n(?n-nucleated  corpuscles  resembling  those  of  the 
adult,  and  at  about  the  fourth  or  fifth  month  of  embryonic  existence 
ere  completely  replaced  by  them. 
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is  iRtfaaoe,  conteina  otilj  one  corpuscle,  vith  the  pmlon^tioii  (bli  of  e  previouflly 
mui e,  from  Um  new  bom  rat ;  ^  froiB  tlie  fcetal  theep.    (K.  A.  ScbiUerO 

Orig:in  of  the  Mature  Colored  Corpuscles.— The  non-nucleated 
rrd  corpuaclea  may  possibly  be  derived  from  the  nucleated,  but  in  all 
probability  are  an  entirely  new  formation.     Their  chief  origin  is: — 

/Vofit  ike  m$duUa  of  bone. — It  has  been  shown  that  colored  corpuscles 
an  to  a  very  large  extent  derived  during  adult  life  from  the  large  pale 
ri 
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ceUfl  in  the  red  marrow  of  bones,  especially  of  the  ribs  (fig.  144).  Theai 
oelk  become  colored  from  the  formation  of  haemoglobin  chiefly  in  one 
part  of  their  protoplasm.  This  colored  part  becomes  separated  from  the 
rest  of  the  cell  and  forms  a  red  corpascley  being  at  first  cap-shaped,  bat 
soon  taking  on  the  normal  appearance  of  the  mature  corpuscle.  It  ia 
supposed  that  the  protoplasm  ma  grow  up  again  and  form  a  number  d 
red  corpuscles  in  a  similar  way. 

From  the  tissue  of  the  spleen. — It  is  probable  that  colored  as  wellai 
colorless  corpuscles  may  be  produced  in  the  spleen. 

From  Microcyies. — Hayem  describes  the  frmaU  particles  (Microcytes), 
previously  mentioned  as  contained  in  the  bloody  and  which  he  caih 
haematoblasts,  as  the  precnrsors  of  the  red  corpuscles.  They  acquire 
color^  and  enlarge  to  the  normal  size  of  red  corpuscles. 

From  the  white  corpuscles. — The  belief  that  the  red  corpuscles  arc 
derived  from  the  white  is  still  rery  general,  although  no  new  eyideuce 
has  been  recently  advanced  in  favor  of  this  view.  It  is,  however,  un- 
certain whether  the  nucleus  of  the  -white  corpuscle  becomes  the  red  eor- 


I 


#ii^9t«o*« 


Fig.  144.  -Ck>lored  nucleated  corpuscles,  from  the  red  nuurow  of  the  guinea-pis.    CR.  A.  Schifer.) 

puscle,  or  whether  the  whole  white  corpuscle  is  bodily  converted  into 
the  red  by  the  gradual  clearing  up  of  its  contents  with  a  disappearance 
of  the  nucleus.     Probably  the  latter  view  is  the  correct  one. 

During  fcetal  life  and  possibly  in  some  animals,  e.g.,  the  rat,  which 
are  born  in  an  immature  condition,  for  some  little  time  after  birth,  the 
blood  discs  have  been  stated  by  Schafer  to  arise  in  the  connective  tissue 
cells  in  the  following  way.  Small  globules,  of  varying  size,  of  coloring 
matter  arise  in  the  protoplasm  of  the  cells,  and  the  cells  themselves 
become  branched,  their  branches  joining  the  branches  of  similar  cells. 
The  cells  ne:xt  become  vacuolated,  and  the  red  globules  are  free  in  a 
cavity  filled  with  fluid  (fig.  143) ;  by  the  extension  of  the  cavity  of  the 
cells  into  their  processes  anastomosing  vessels  are  produced,  which  ulti- 
mately join  with  the  previously  existing  vessels,  and  the  globules,  now 
having  the  size  and  appearance  of  the  ordinary  red  corpuscles,  are 
passed  into  the  general  circulation.  This  method  of  formation  is  called 
ititracellular. 

Without  doubt,  the  red  corpuscles  have,  like  all  other  parts  of  the 
organism,  a  tolerably  definite  terra  of  existence,  and  in  a  like  manner 
die  and  waste  away  when  the  portion  of  work  allotted  to  them  has  been 
performed.  Neither  the  length  of  their  life,  however,  nor  the  fashion 
of  their  decay  has  been  yet  clearly  made  out.  It  is  generally  believed 
that  a  certain  number  of  the  colored  corpuscles  undergo  disintegration 
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i  fhe  spleen ;  and  indeed  corpuscles  in  various  degrees  of  degeneration 
i>Te  been  observed  in  that  organ. 
Origin  of  the  Colorless  Corpuscles.— The  colorless  corpuscles  of 
blood  are  derived  from  the  lymph  corpuscles^  being,  indeed,  indis- 
'ttngniBhable  from  them;  and  these  come  chiefly  from  the  lymphatic 
frauds.    Their  number  is  increased  by  division. 

Colorless  corpuscles  are  also  in  all  probability  derived  from  the 
qpleen  and  thymus,  and  also  from  the  germinating  endothelium  of 
•arouB  membranes,  and  from  connective  tissue.  The  corpuscles  are  car- 
lied  into  the  blood  either  with  the  lymph  and  chyle,  or  pass  directly 
trcMn  the  lymphatic  tissue  in  which  they  have  been  formed  into  the 
aeighboring  blood-vessels. 

Uses  of  the  Blood. 

1.  To  be  a  medium  for  the  reception  and  storing  of  matter,  e.g., 
ezjgen  and  digested  food  material,  from  the  outer  world,  and  for  its 
oonTeyance  to  all  parts  of  the  body. 

2.  To  be  a  source  whence  the  various  tissues  of  the  body  may  take 
the  materials  necessary  for  their  nutrition  and  maintenance;  and  whence 
fhe  secreting  organs  may  take  the  constituents  of  their  various  secre- 
tions. 

3.  To  be  a  medium  for  the  absorption  of  refuse  matters  from  all  the 
tiasnes,  and  for  their  conveyance  to  those  organs  whose  function  it  is  to 
■eparate  them  and  oast  them  out  of  the  body. 

4.  To  warm  and  moisten  all  parts  of  the  body. 


Blgbi  rentrtcle 


Porta]  clrcuIatJnn 


Seeoiul  rpfiiil 
cirouUtiou  » 


The  blood  is  raiidc  to  circnlate  within  the  flTstem  of  closed  tabes  in 
which  it  ia  contained  by  means  of  the  aJternate  contraction  and  relui- 
tion  of  the  heart*  The  heart  ib  a  hollow  muacahir  organ  consiBting  of 
four  chambers,  two  aurieles  and  two  ventricles,  arranged  in  pairs.    On  j 


Pttlmoiuuy  artery 


Buptirior  C9IVS  or  i^elo 
from  bead  and  oack 

Rl^ht  auricle 
Inferior  reea  cava 


the  right  And  left  sides  is  an  auricle  joined  to  and  eommunie-ating  with] 
ti  ventricle^  but  tlie  ehambors  on  the  right  side  do  not  directly  commu- 
nii^ate  with  those  on  the  left  side.     The  blood  is  conveyed  away  from 
the  left  side  of  the  heiirt  (as  in  the  diagram,  fig.  145)  by  the  arierie^M 
and  returned  to  the  right  side  of  the  heart  by  the  rein^,  the  arteries  aud" 
veins  being  coutinuona  with  each  other  at  one  end  by  means  of  the 
heart,  and  ut  the  other  by  a  fine  network  of  vessels  called  the  capiilarief. 
From  the  right  side  of  the  heart  the  blood  passes  to  the  lanp 
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ODgh  the  pulmoDary  artery,  then  through  the  pulmonary  capillaries, 
ad  through  the  pulmonary  veins  to  the  left  side  of  the  heart  (Fig.  145), 
&as  there  are  two  circuktioiis  through  which  the  blood  fuunt  pass;  the 
ae,  a  shorter  circuit  from  the  right  side  of  the  heart  to  the  lungs  and 
sk  again  to  the  left  side  of  the  lieart ;  the  otjier  and  larger  circuit* 
om  the  left  side  of  the  heart  to  all  parts  of  the  body  and  back  again  to 
ie  right  side;  strictly  speaking,  however,  there  is  bnt  one  complete 
rcniation,  irhich  may  be  diagramtuatically  represented  by  a  double 
jp,  as  in  fig,  145,  in  which  there  is  one  continuous  stream,  the  whole 
which  must,  at  one  part  of  its  course,  pass  through  the  lungs.  Sub- 
site  to  the  circnlations  through  the  lungs  and  through  the  system 
pnerally,  respectively  named  the  Pulmonary  and  Systemic,  it  will  be 
aticed  also  in  the  same  figure  that  a  portion  of  the  stream  of  blood 
lying  been  diverted  once  into  the  ciipillariea  of  the  intestinal  canal, 
ad  some  other  organs,  and  gathered  up  again  into  a  single  stream,  is  a 
and  time  divided  in  its  passage  through  the  liver,  before  it  finally 
ches  the  heart  and  completes  a  revolution.  This  subordinate  stream 
trough  the  liver  is  called  the  Portal  eircolntion,  A  somewhat  similar 
ory  circulation  is  that  through  the  kidneys,  ciilled  the  Renal  cir- 
alation.  Such  then  is  the  outline  of  the  course  of  the  circulation, 
The  problems  in  connection  with  its  maintenance  cannot  be  well  under- 
too»:l  without  a  more  detiiiled  knowledge  of  the  structure  and  mode  of 
kion  of  the  heart,  and  of  the  structure  and  properties  of  the  blood- 
These  subjects  will  now  be  considered  seriatim. 

The  Heart. 

The  heart  is  contained  in  the  chest  or  thomx,  and  lies  between  the 
tight  and  left  lungs  (fig.  146),  inclosed  in  a  membranous  sac— the  Peri- 
cardium, which  is  made  up  of  two  distinct  parts,  an  ex ter ft al  ^hroiiB 
membrane,  composed  of  closely  interlacing  fibres,  which  has  its  base 
attached  to  the  diaphmgm  or  midriff,  the  great  muscle  w^iich  forms  the 
floor  of  the  chest  and  divides  it  from  the  abdomen— both  to  the  central 
tendon  and  to  the  adjoining  muscular  fibres,  while  the  smaller  and 
upper  end  is  lost  on  the  large  blood-vessels  by  mingling  its  fibres  with 
that  of  their  external  coats;  and  an  tuierftfii EeTOWs  layer,  which  not  only 
lines  the  fibrous  sac,  hut  also  is  reflected  on  to  the  heart,  which  it  com- 
pletely invests.  The  part  which  lines  the  fibrous  membrane  is  called 
the  parietal  layer,  and  that  inclosing  the  heart,  the  rm-erfjl  layer,  and 
these  being  continuous  fi>r  a  short  distance  along  the  great  vessels  of 
the  base  of  the  heart,  form  a  closed  sac,  the  cavity  of  which  in  health 
contains  just  enough  fluid  to  lubricate  tlie  two  surfaces,  and  thus  to 
enable  them  to  glide  smoothly  over  each  other  duriug  the  movements 
of  the  heart.  The  vessels  passing  in  and  out  of  the  heart  receive  in- 
festments  from  this  sac  to  a  greater  or  less  degree. 
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The  heart  is  situated  in  the  chest  behind  the  stemnm  and  costal 
cartilages,  being  placed  obliquely  from  right  to  left,  quite  two-thirds  of 
it  being  to  the  left  of  the  mid-sternal  line.  It  is  of  pyramidal  shape, 
with  the  apex  pointing  dowuMrard,  outward,  and  toward  the  left,  and  tbe 
base  backward,  inward,  and  toward  the  right.  It  rests  upon  the  dia- 
phragm, and  its  pointed  apex,  formed  exclusively  of  the  left  side  of  the 
heart,  is  in  contact  with  the  chest  wall,  and  during  life  beats  against  it 
at  a  point  called  the  apex  beat,  situated  in  the  fifth  left  intercostal 
space,  and  about  three  inches  from  the  mid-sternal  line.  The  heart  ig, 
as  it  were,  suspended  in  the  chest  by  the  large  vessels  which  proceed 
from  its  base,  but,  excepting  at  this  part,  the  organ  itself  lies  free  within 
the  sac  of  the  pericardium.     The  part  which  rests  upon  the  diaphragm 


Ri-lit  lung 


PulnuHUuty  artery 


Leftlun^ 


Diaphragm 


Fig.  146.— View  of  heart  and  lungs  in  situ.  The  front  portion  of  the  chest-wall,  and  the  outer 
or  parietal  layere  of  the  pleurae  and  pericardium  have  been  removed.  The  lungs  are  partly  ooi 
Laptied. 

is  flattened,  and  is  known  as  the  posterior  surface,  while  the  free  upper 
part  is  called  the  anterior  surface.  The  margin  toward  the  left  is  thick 
and  obtuse,  while  the  lower  margin  toward  the  right  is  thin  and  acute. 
On  examination  of  the  external  surface  the  division  of  the  heart  into 
parts  which  correspond  to  the  chambers  inside  of  it  may  be  traced,  for 
a  deep  transverse  groove  called  the  auriculO'Ventricular  groove  divides 
the  auricles  which  form  the  base  of  the  heart  from  the  ventricles  which 
form  the  remainder,  including  the  apex,  the  ventricular  portion  being 
by  far  the  greater;  and,  again,  the  inter-i^entricular  groove  runs  between 
the  ventricles  both  front  and  back,  and  separates  the  one  from  the  other. 
The  anterior  groove  is  nearer  the  left  margin  and  the  posterior  nearer 
the  right,  as  the  front  surface  of  the  heart  is  made  up  chiefly  of  the 
right  ventricle  and  the  posterior  surface  of  the  left  ventricle.     In  the 
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Irrows  or  grooTee  run  the  coronary  Tessels,  which  supply  the  tissue  o( 
le  heart  with  blood,  us  well  as  nerves  and  lymphatics  imbedded  in 
lore  or  less  fatty  material. 

The  Chambers  of  the  Heart.— The  interior  of  the  heart  is  divided 
a  longitudinal  partition  in  such  a  manner  as  to  form  two  chief  chum- 
or  cavities — right  and  left.     Each  of  these  chambers  is  again  sub- 


ng,  147. — The  n^ht  auricle  and  Tcotricte  opened,  And  a  purt  of  their  riidit  and  anterior  waits 
noved, so aa tu  slujw  thf^ir  interictr  H— I^  8uj)erior  vena  rava  :  2,  ijolmior  Tena  ciiva  ;  H',  )i^|j>aiie 
Jus  cut  abort ;  9,  rif^ht  auricle  ;  3',  placcfd  iu  tbe  fotiNa  oraJiA,  T>*^Uiw  which  ia  the  EuRtAchion  valve  ; 
S*,  la  ptttcsed  close  to  the  a|>t?rture  of  Uu^  cnmnarv  \*-!'m  :  +,  ^,  pim^tni  in  the  aurlcuilovetitiicular 
moiwn,  vbero  m  zukirow  portion  of  tht*  adjacent  wull>i  ut  tht^  auricU'  atid  Tt^nttiole  haa  been  pn^served; 
<i»  cm^ty  of  the  r^ht  ventncti^.  tbe  upi>er  fl^uiv  {»  imuifHliarely  below  lb*?  semilimar  valves ;  4', 


or  miiBculiis  paplUaHs  ;  5,  &\  h'^  tricuaptd  valve ;  0,  plaoed  in  tlie  iftttTior  of 

ry  arteiy.  a  part  of  the  anterior  wall  of  that  ve^tsel  baring  been  removfd,  and  a  uoi-row 

proMTvea  at  Uh  ^xniunetioefnent,  where  th«  aeinllunar  valvea  ftr«  attached  :  7.  concavity 

«reh  ciloae  to  the  oc»rd  of  tlie  ductus  arteriomis :  S,  aacfstidlDg  part  or  ^1nu8  of  the  arch 

mi  ita  ooauneooemetit  by  ttie  nurtcylar  api>endiz  and  puliuouary  anery ;  u.  ploa^  between 

LlDAte  And  left  carotid  art«HeA ;  10,  appemiir  of  the  Ceft  aurlcte  ;  11,  11|  outaMe  of  the  left 

tbe  homtBT  figure  near  the  apex.    CAileo  TfaomBonO 


livided  transversely  into  an  upper  and  a  lower  portion,  called  respect- 
rely,  as  alremly  incidentnlly  mentioned,  utiricle  and  ventricle,  which 
reely  communicate  one  with  the  other;  the  aperture  of  communication, 
however,  is  guarded  by  valves,  so  diflpoaed  as  to  allow  blood  to  pass 
Ireely  from  the  auricle  into  tjb  ventricle,  but  not  in  the  opposite  direc- 


Fiff.  l4S.-ThA  left  auricle  ud  ventiiele  opened  and  a  pert  of  tlieir  anterior  and  left  i 
moTc^cC  Vii— The  fmlmcwiuy  artery  baa  been  olTtded  at  its  oommecioenK'Dt ;  thti*  opening  i 
left  ventrkle  is  f^xrted  a  short  dIeCanoe  Into  the  aorta  between  two  of  tlie  seii^iieDta  oi  the  eemllBinf 
talveft;  ami  tht*  left  part  of  the  auricle  with  ita  appendix  has  Im^u  r«;moved.  The  right  aurick  to 
out  of  view.  ] ,  Tile  two  right  pulDiotiary  veinw  cut  short ;  tlieir  opening  are  eeeo  within  the  aurtde; 
r«  placed  witiiin  the  cavity  of  the  auricle  on  tlie  left  Nide  of  ihr  H^ptum  usd  on  the  part  which  fonni 
the  remaios  of  the  valve  of  the  forauieu  ovale^  of  which  llie  cre:§4.'cutic  fold  ie  seen  toward  the  left 
hand  of  r  ;  2,  a  narrow  portion  fif  the  wall  of  the  auricle  and  v«^u t ride  preaerved round  tlieaaiicQlO' 
ventricular  orifice ;  a.  8%  ibe  cut  surface  of  the  walk  of  the  ventricle,  seen  to  become  Terr  nodi 
thitmer  towards  3%  at  the  apex  ;  4,  m  Km  all  part  of  the  anterior  wal]  of  the  left  ventricle  which  hia 
been  preeerved  with  the  principal  anterior  eciiuinnu  caroea  or  niuHcuhm  papillaris  attadied  to  It; 
ft,  5,  mu&mii  papUlares  ;o\  the  left  side  of  the  s&eptmn.  between  the  two  veutricJes,  within  thecavitf 
of  the  left  ventricle  ;  tt,  *!',  the  mitral  valve ;  7,  pla4^ed  in  the  interior  of  the  aorta  near  tta  commeoee^ 
ment  anil  alx>ve'  the  three  segiiientB  of  Its  ficriiilunar  valve  whicli  are  hanglni^  looeely  togeiher  ;  T^ 
the  ext4^rior  (if  the  jfreat  AOriic  «iniis ;  8,  the  rofnt  of  the  pulmonary  ftrter}^  and  its  semilunar  vaJvet; 
8',  the  separated  fmrtioti  of  the  pulmonan'^  artery  remaining  attached  to  the  aorta  by  %  the  oord  of 
the  ductus  arteriosus ;  10,  t-he  arteries  rlainir  from  the  summit  of  the  aortic  arch.     (Aileu  Tbomeoiu) 


tongue-shaped  portion,  the  right  &unc\i\a.T  appendix,  which  slightly  over- 
laps the  exit  of  the  great  artery,  the  aorta,  from  the  heart. 

The  interior  is  smooth,  being  lioed  with  the  general  lining  of  tha 
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t,  the  endocardium,  and  into  it  open  the  superior  and  inferior  venae 

By  or  great  veine,  which  convey  the  blood  from  all  parts  of  the  body 

the  heart.     The  former  is  directed  downward  and  forward,  the  latter 

I  and  inward;  between  the  entrances  of  these  vessels  is  a  slight 

ibercle  chilled  tuberck  of  Lower,     The  opening  of  the  inferior  cava  is 

protected  and  partly  covered  by  a  membrane  called   the   Eusiackian 

nlve.     In  the  posterior  wall  of  the  auricle  is  a  slight  depression  called 

lefosm  ovalwr  which  corresponds  to  an  opening  between  the  right  and 

eft  auricles  which  exists  in  fcetal  life.     The  right  auricular  appendix  is 

Hf  oval  form,  and  admits  three  fingers.     Various  vems,  including  the 

aronary  sinusy  or  the  dilated  portion  of  the  right  coronary  vein,  open 

ito  this  chamber.     In  the  apjtendix  are  closely  set  elevations  of  the 

nUBCular  tissue  covered  with  endocardium^  and  on  the  anterior  wall  of 


Flip.  149.— Tmi«?iT«e  section  of  bullock^g  heart  In  a  stat«  of  c&daTeric  rl/ddlty. 
b»  Osritjr  of  right  Tontricle,    n,  Cavity  of  left  ventrlclp. 


(Dalt«li.> 


^le  auricle  are  similar  elevations  arranged  parallel  to  one  another,  called 
\mu»cidi  pectinati. 

Right  Ventricle.'-'The  right  ventricle  occupies  the  chief  part  of  the 

ftnterior  surface  of  the  heart,  as  well  as  a  small  part  of  the  posterior 

irface:  it  forms  the  right  margin  of  the  heart.     It  takes  no  part  in 

[the  formation  of  the  apex.     On  section  its  cavity,  in  consequence  of  the 

[encroachment  upon  it  of  the  septum  ventriculorum,  is  semilunar  or 

Icreaeentic  (fig.  149);  into  it  are  two  openings,  the  auriculo-ventricular 

At  the  base  and  the  opening  of  the  pulmonary  artery  also  at  the  base, 

but  more  to  the  left;  the  part  of  the  ventricle  leading  to  it  is  called  the 

conns  arferiosus  or  infundibvlnm  :  both  orifices  are  guarded  by  valves^ 

'  the  former  c:illed  trirttspid  and  the  latter  fiemihtHfrr  or  sif/moid.     In 

•this  ventricle  are  also  the  projections  of  the  muscular  tissue  called  co- 
hinm(B  earner  (described  at  length  p.  178). 

Left  Affrirte, — The  left  auricle  is  situated  at  the  left  and  posterior 
part  of  the  base  of  the  heart,  and  is  best  seen  from  behind.  It  is  quad- 
rilateral, and  receives  on  either  side  two  pulmonary  veins.  The  auricu- 
lar appendix  is  the  only  part  of  the  auricle  seen  from  the  front,  and 
corresponds  with  that  on  the  right  side,  but  is  thicker,  and  the  interior 
is  more  smooth.  The  left  auricle  is  only  slighlly  thicker  than  the  right. 
iThe  left  auriculo-ventricular  orifice  is  oval,  and  a  little  smaller  than 
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IIhI  m  Oie  rii^t  ade  «C  Um  hetft.    Tb«re  is  a  slight  Teetige  of  ih 
ftwiiiftii  bcivWB  Am  mmdm,  wiiieli  «xi2te  in  fcetal  life,  an  ibe  septiim 

£«fl  raii/r»ri>« — Tli<Migb  tmking  pmt  lo  a  oompftrmtiTelT  slight  a* 
tcDl  ID  the  juiterior  mriaoep  the  l«ft  Tentricle  oociipies  the  chief  |)art  of 
the  {KMtemr  Mrl»ecu  In  tt  are  two  opeoicigi  Terr  close  together,  lu 
tlio  tiiriciik»-T0iitri6akr  and  the  aortie,  gnanled  by  the  ralvee  corre- 
ipMdiog  to  those  of  the  right  side  of  th^  heart,  viz.  the  Inru^  or 
miiraf  and  the  jiffiii7if  ji^ir  or  wiymoid.  The  first  opening  i&  at  the  l^ft 
and  back  part  of  the  base  of  the  Tentriele,  and  the  aortic  ia  front  and 
toward  the  right  In  this  Tentriele,  ^  in  the  rights  are  the  columnie 
oaniag»  whieh  are  nnaUer  bat  more  eloselj  reticulated*  Thej  are  chief] v 
fomsd  near  the  apex  and  along  the  posterior  wall.  Ther  will  be  agaii; 
referred  to  in  the  description  of  the  ralvea.    The  walls  of  the  left  fen- 


T\^.  ISO.— fffeCirork  of  miuKulAr  fibres  from  tlwi  liMrt  of  »  p«.    The  nuclei  of  the  musdeisovpa- 
clesarew«U«howii.     x  4flO,     UOein  And  Kolile  Smith  j 

trifle^  which  are  nearly  half  an  inch  in  thickness,  are,  with  the  excep- 
tion of  the  apex,  twice  or  three  times  as  thick  as  those  of  the  right. 

Capacity  of  the  Chambers.— During  life  each  ventricle  is  capable 
of  containing  about  four  to  six  ounces  (about  180  grms.)  of  blood.  The 
capacity  of  the  auricles  after  death  is  rather  less  than  that  of  the  ven- 
tricles: the  thickness  of  their  walls  is  considerably  less.  The  latter 
condition  is  adapted  to  the  snifill  amount  of  force  which  the  auriclsB 
require  in  order  to  empty  themselves  into  their  adjoining  ventricles; 
the  former  to  the  circumstance  of  the  ventricles  being  partly  filled  with 
blood  before  the  auriclea  contmet.  • 

Size  and  Weight  of  the  Heart.— The  heart  is  about  5  inches 
long  (about  12,6  cm.)t  3|  inches  (8  cm.)  greatest  width,  and  2^  inche§  ■ 
(6.3  cm.  )  in  ita  extreme  thickness.     The  average  weight  of  the  heart  in 
the  aihilt  ia  from  9  to  10  ounces  (about  300  grms.);  its  weight  gradually 
ijicreasing  throughout  life  till  middle  age;  it  diminishes  in  old  age.  ■ 

Structure. — ^Tbe  walls  of  the  heart  are  constructed  almost  entirely 
of  layers  of  niuecular  fibres;  but  a  ring  of  connective  tissue,  to  which 
some  of  the  muBcular  fibres  are  attached,  is  inserted  between  e^ch  auri- 
cle and  ventricle,  and  forms  the  boundary  of  the  aunculo-ventricttlar 
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^tiiug.     Fibrous  tissue  abo  exists  at  the  origiua  of  the  pulmonary 
tery  aud  aorta. 
The  muscular  fibres  of  each  auricle  are  in  part  continuous  with  those 
the  other,  aud  partly  separate;  and  the  same  remark  holds  true  for 
le  ventricles.     The  fibres  of  the  auricles  are,  however,  quite  sepanite 
those  of  the  ventricles,  the  bond  of  connection  between  them 
bmg  only  the  fibrous  tissue  of  the  iiuriculo-ventrieular  openings. 
The  minute  structure  of  the  siriuted  muscular  fibres  of  the  heart 
been  already  deseribed  (p.  86). 
Endocardium. — As  the  he^irt  is  clothed  on  the  outside  hy  a  thin 
lunsparent  Liyer  of  pericardium,  so  its  cavities  are  lined  by  a  smooth 


Fte",  151.— Di&gTftm  of  the  clrtnilftiion  thitiugh  the  heart  CDalton) 


and  shiBing  membrane,  or  endoenrdium,  which  is  directly  continuous 
with  the  internal  lining  of  the  arteries  and  veins.  The  endocardium  is 
composed  of  connective  tissue  with  u  large  admixture  of  elastic  fibres; 
and  on  its  inner  surface  is  laid  down  a  single  tesselated  layer  of  flat- 
tened endotlielial  cells.  Here  aud  there  unstriped  museolar  fibres  are 
sometimes  found  in  the  tissue  of  the  endocardium. 

Valves. — The  arrangement  of  the  heart's  valves  is  such  tiiat  the 
blood  can  pass  only  in  one  direction  (fig.  15]). 

The  tricuspid  valve  (5,  fig,  147)  presents  three  principal  cusps  or  sub- 
divisions, and  the  mitral  or  bivuHpid  valve  has  two  such  portions  (6,  fig, 
E48).  But  in  both  valves  there  is  between  each  two  principal  portions 
smaller  one;  so  that  more  pro|jerly»  the  tricuspid  may  be  described  as 
consisting  of  six,  and  the  mitral  of  four,  portions.  Each  portion  is  of 
iriangQl&r  form.    Its  base  is  continuous  with  the  bases  of  the  neighbor- 
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ing  portions,  bo  as  to  form  mn  annnlar  membnuie  around  the  anricolo- 
Tentrica]ar  opening,  and  is  fixed  to  a  tendinons  ring  which  encircles  the 
orifice  between  the  aaricle  and  Tentricle  and  receiyes  the  insertions  of 
the  mnscular  fibres  of  both.  In  each  principal  cusp  may  be  distin. 
gnished  a  central  part,  extending  from  base  to  apex,  and  including  abont 
half  its  width.  It  is  thicker  and  much  tougher  than  the  border  pieoes 
or  edges. 

While  the  bases  of  the  cusps  of  the  valves  are  fixed  to  the  tendinous 
rings,  their  ventricular  surface  and  borders  are  fastened  by  slender  ten- 
dinous fibres,  the  chordcB  iendinefty  to  the  internal  surface  of  the  walls  of 
the  ventricles,  the  muscalar  fibres  of  which  project  into  the  tentricnlar 
cavity  in  the  form  of  bundles  or  columns — the  columna  earner.  These 
columns  are  not  all  alike,  for  while  some  are  attached  along  their  whole 
length  on  one  side,  and  by  their  extremities,  others  are  attached  onlj 
by  their  extremities;  and  a  third  set,  to  which  the  name  musculi papil 
lares  has  been  given,  are  attached  to  the  wall  of  the  ventricle  by  one 
extremity  only,  the  other  projecting,  papilla-like,  into  the  cavity  of  the 
ventricle  (4,  fig.  148),  and  having  attached  to  it  chordae  tendineae.  Of 
the  tendinous  cords,  besides  those  which  pass  from  the  walls  of  the 
ventricle  and  the  musculi  papillares  to  the  margins  of  the  valves,  there 
are  some  of  especial  strength,  which  pass  from  the  same  parts  to  the 
edges  of  the  middle  and  thicker  portions  of  the  cusps  before  referred  to. 
The  ends  of  these  cords  are  spread  out  in  the  substance  of  the  valye, 
giving  its  middle  piece  its  peculiar  strength  and  toughness;  and  from 
the  sides  numerous  other  more  slender  and  branching  cords  are  giyen 
off,  which  are  attached  all  over  the  ventricular  surface  of  the  adjacent 
border-pieces  of  the  principal  portions  of  the  valves,  as  well  as  to  those 
smaller  portions  which  have  been  mentioned  as  lying  between  each  two 
principal  ones.  Moreover,  the  musculi  papillares  are  so  placed  that, 
from  the  summit  of  each,  tendinous  cords  proceed  to  the  adjacent  halves 
of  two  of  the  principal  divisions,  and  to  one  intermediate  or  smaller 
division,  of  the  valve. 

The  preceding  description  applies  equally  to  the  mitral  and  tricus- 
pid valve;  but  it  should  be  added  that  the  mitral  is  considerably  thicker 
and  stronger  than  the  tricuspid,  in  accordance  with  the  greater  force 
which  it  is  called  upon  to  resist. 

The  semilunar  valves  guard  the  orifices  of  the  pulmonary  artery  and 
of  the  aorta.  1'hey  are  nearly  alike  on  both  sides  of  the  heart;  but  the 
aortic  valves  are  altogether  thicker  and  more  strongly  constructed  than 
the  pulmonary  valves,  in  accordance  with  the  greater  pressure  which 
they  have  to  withstand.  Each  valve  consists  oi  three  parts  which  are  of 
semilunar  shape,  the  convex  margin  of  each  being  attached  to  a  fibrous 
ring  at  the  place  of  junction  of  the  artery  to  the  ventricle,  and  the 
concave  or  nearly  straight  border  being  free,  so  as  to  form  a  little  pouch 
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watch-pocket  (7,  fig,  148)»  In  the  centre  of  the  free  edge  of  the 
uch,  which  contains  a  fine  cord  of  fibrous  tissue,  ia  a  small  fihrona 
ule,  the  corpus  Arantiiy  and  from  this  and  from  the  attached  border 
e  fibres  extend  into  every  part  of  the  mid  substance  of  the  valve, 
:oept  a  small  lunated  space  just  within  the  free  ^^g^y  on  each  side  of 
©  corpus  Arantii*  Here  the  valve  is  thinnest,  and  composed  of  little 
ore  than  the  endocardium,  Thus  constructed  and  attached^  the  three 
semilunar  pouches  are  placed  side  by  side  around  the  arterial  orifice  of 
€ach  ventricle,  which  can  be  sepamted  by  the  blood  passing  out  of  the 
▼cntricle*  but  which  immediately  afterward  are  pressed  together,  so  aa 
to  prevent  any  return  (6,  fig»  147,  and  7,  fig.  148).  This  will  be  again 
referred  to.  Opposite  each  of  the  semilunar  cusps,  both  in  the  aorta 
aDd  pulmonary  artery,  there  is  a  bulging  outward  of  the  wall  of  the 
▼easel:  these  bulgings  are  called  the  siuuifta  of  Valsaira. 

Structure. — The  valves  of  the  heart  are  formed  essentially  of  thick 
hjers  of  closely  woven  connective  and  elastic  tissue,  over  which,  on 
erery  part,  ib  reflected  the  endocardium. 


The  Arteries* 


i_-...^.„.  „...,..„» 

^Hq§Ie  large  trunk,  the  aorta,  which  almost  int mediately  after  its  origin 
^Btfee  off  in  the  thorax  three  large  branches  for  the  supply  of  the  head, 
Htoeck, and  upper  extremities;  it  then  truTerses  the  thorax  and  abdomen, 
giving  off  branches,  some  large  and  some  small,  for  the  supply  of  the 
Tarious  organs  and  tissues  it  passes  on  its  way.  In  the  abdomen  it 
divides  into  two  chief  Immclies,  for  the  supply  of  the  lower  extremities* 
The  arterial  brunches  wlierever  given  off  divide  and  subdivide,  until  the 
calibre  of  each  subdivision  becomes  very  minute,  and  these  minute  ves- 
sels pass  into  capillaries.  Arteries  are,  as  a  rule,  placed  in  situations 
protected  from  pressure  and  other  dangers,  and  are,  with  few  exceptions, 
straight  in  their  course,  and  frequently  communicate  (anastomose  or 
inosculate)  with  other  arteries.  The  branches  are  usually  given  off  at 
an  acute  angle,  and  the  area  of  the  hratichea  of  an  artery  generally  ex- 
ceeds that  of  the  parent  trunk;  and  us  the  distance  from  the  origin  is 
increased,  the  area  of  the  combined  bmnches  ia  increased  also.  After 
death,  arteries  are  usually  found  dihited  (not  collapsed  as  the  veins  are) 
and  empty,  and  it  was  to  this  fact  that  their  name  (a/?ny^'w,  the  wind- 
pipe) was  given  them,  as  the  ancients  believed  that  they  conveyed  air 
to  the  various  parts  of  the  body.  As  regards  the  arterial  system  of  the 
lungs,  the  pulmonary  artery  is  distrilmted  much  as  the  arteries  belong- 
ing to  the  general  systemic  circulation. 

Structure, — The  walld  of  the  arteries  are  composed  of  three  principal 
coats,  termed  (a)  the  extenial  or  tunica  adtentitia,  (b)  the  middle  or 
tunica  media«  and  {c)  the  internal  or  tunica  intima. 
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(n)  Tbe  external  c^ai  or  ttinicn  adpfntiiin  (fige,  152  and  153»fl),  tin 
strongest  and  tonghest  part  of  the  wall  of  the  artery,  is  fanned  ^i 
areoliu'  tiseue^  with  which  is  mingled  throughont  a  network  of  elanie 
fibres.  At  the  inner  part  of  this  onter  coat  the  elastic  network  formih 
most  arteries  so  distinct  a  layer  as  to  be  sometimes  called  the  tjUmoi 
elastic  caat  (fig,  153,  e). 

(b)  The  middle  coal  (fig,  153,  m)  is  composed  of  both  mnscalar  aiid 
elastic  fibres,  with  a  oertain  proportion  of  areolar  tissue.  In  the  larger 
arteries  (fig.  153)  its  thickness  is  comparatively  as  well  as  absohtelv 
mnch  greater  than  in  the  small,  constituting,  as  it  does,  the  greater  pan 
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Fig  152.— Mlnut**  urttry  viewed  \n  kmgltiidliijU  «»ciifiti.  *,  Nucleated  endothelial  inembtmiie, 
wttli  f&tDb  nuclei  iD  lunieo,  looked  at  from  alMDvt* ;  i,  thin  elamic  tunka  fntlma  ;  m,  tnuficular  ccnl 
or  titiiiica  n»><)la ;  a,  tunica  adveoUUa.     (Klein  and  Nnbli^  ^inith.  >      X  2B0, 

Fte.  158.— Traii»ven»  awjtion  through  a  larK*-  hmuch  of  thi'  inferior  QMaefilerIc  artery  of  a  pif. 
«,  Endothelial  meQibraDC' ;  i,  tunica  elastiea  int*Tna,  no  hiibendothelial  layer  la  aeflii ;  m,  tawcaki 
timlea  m«di&.  containing  only  a  few  wavy  elastio  fibres  ;  e,  c,  tunica  elaatlca  CKt«riuih,  dlTklio^tba 
media  fnim  the  connwt»ve  tiRsne  a«1vf  utitia^  <i.    «Kletn  and  Noble  Bmith.)    X  880. 

Figr-  124.— Muscular  flbr»»-cell«  froai  human  arteriea,  magnifled  850  dlamelttm.  {KCiUikerj  o, 
Nudeua,     5,  a  llbre-ceU  treated  with  aoetJc  add. 


of  the  arterial  walL  The  nuiscular  fibres  are  iiDstriped  (fig.  154),  and 
are  arranged  for  the  most  part  transversely  to  the  long  axis  of  the  artery 
{^g.  155,  m);  while  the  elastic  element,  taking  iilso  a  transverse  direo- 
tion,  is  disposed  in  the  form  of  closely  interwoven  and  branching  fibres, 
which  intersect  in  all  parts  tbe  lavers  of  nuiscular  fibre.  In  arteries  of 
various  size  there  ie  a  dillereneo  in  ihe  proportion  of  the  muscular  and 
elastic  element,  elastic  tissue  preponderating  in  the  largest  arteries,  and 
unstriped  muscle  in  those  of  medium  and  small  size. 

(c)  The  iuternal  coat  is  formed  by  layers  of  elastic  tissue,  consisting 
in  part  of  coarse  longitmlinal  branching  fibres,  and  *in  part  of  a  very 
thin  and  brittle  membrane  which  possesses  little  elasticity,  and  is  thrown 
into  folds  or  wrinkles  when  the  artery  contracts.  This  latter  mem- 
brane, the  striated  or  ftnedmted  cmd  nf  H^nhy  is  peculiar  in  its  ten- 
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icy  to  cnrl  ap,  when  peeled  off  from  the  arterT,  and  in  the  perforated 

streaked  appearance  which  it  presents  under  the  microscope.     Its 

ler  surface  is  lined  with  a  delieate  layer  of  elongated  endothelial  cells 

153,  e),  which  make  it  smooth  and  polished »  and  furnish  a  nearly 

I  permeable  snrface,  along  which  the  blood  may  flow  with  the  small  pst 

Bihle  amount  of  resistance  from  friction. 

Immediately  external  to  the  endothelial  lining  of  the  artery  is  fin© 
inectiire    tiesue,    aulhemhthelial   lat/eTj    with    branched    corpusclos. 

.  BadotlMlJam. 


;  MiJdkc 


flir.  i».-T 


venp  Metloii  of  AOrtA  tbrouigh  tnurnal  and  atK>u«rhitlf  the  mlddUt  co«U 
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Thns  the  internaJ  coat  consists  of  three  parts^  {a)  an  endothelial  lining, 
i)  the  flub-endotheliai  layer,  and  (t)  elastic  layers. 
Vasa  VasoruttL — The  walls  of  the  arteries,  with  the  possible  exception 
"of  the  endothelial  lining  and  the  layers  of  the  internal  coat  immediately 
outside  it,  are  not  noorished  by  the  blood  which  they  convey,  but  are^ 
like  other  p^irts  of  the  body,  supplied  with  little  arteries,  ending  in 
capillaries  and  veins,  which,  branching  throughout  the  external  coat, 
extend  for  some  distance  into  the  middle,  but  do  not  reach  the  internal 
coat     These  nutrient  Tessels  are  called  vasa  vmorum. 

Nerves. — Most  of  the  arteries  are  surrounded  by  a  plexus  of  sympa- 
thetic  nerves,  which  twine  around  the  vessel  very  much  like  ivy  round  a 
tree:  and  ganglia  are  found  at  frequent  intervals.  The  smallest  arter- 
ies and  capillaries  are  also  surrounded  by  a  very  delicate  network  of 
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Bimilar  nerre-fibres,  many  of  which  appear  to  end  in  the  nuclei  of  tbe 
transverse  muscular  fibres  (fig.  156). 

The  Capillaries. 

Distribution.'-ln  all  vascular  textures  except  some  parts  of  the  cor- 
pora cavernosa  of  the  penis,  and  of  the  uterine  placenta,  and  of  the 
spleen,  the  transmission  of  the  blood  from  the  minute  branches  of  the 
arteries  to  the  minute  veins  is  effected  through  a  network  of  capiUaries. 
They  may  be  seen  in  all  minutely  injected  preparations. 

The  point  at  which  the  arteries  terminate  and  the  minute  veins  com- 
mence,  cannot  be  exactly  defined,  for  the  transition  is  gradual;  but  the 
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oupillary  network  has,  nevertheless,  this  peculiarity,  that  the  small 
vessels  wliioh  ooiupose  it  maintain  the  same  diameter  throughout:  they 
do  not  iliniiiiish  in  diameter  in  one  direction,  like  arteries  and  veins; 
and  the  meshes  of  the  network  that  they  compose  are  more  uniform 
in  shape  and  size  than  those  formed  by  the  anastomoses  of  the  minute 
arteries  and  veins. 

Sfructufr. — This  is  much  more  simple  than  that  of  the  arteries  or 
veins.  Their  walls  are  oomj^osed  of  a  single  layer  of  elongated  or  radi- 
ate, flat  teneil  and  nuoleattnl  cells,  so  joined  and  dovetailed  together  as 
to  form  a  continuous  tnmsparent  membrane  (fig.  157).  Outside  these 
ooUs,  in  the  larger  capillaries,  there  is  a  structureless  or  very  finely 
fibrillateii  membrane,  on  the  inner  surface  of  which  they  are  laid  down. 
In  some  cases  this  external  membrane  is  nucleated,  and  may  then  be 
reganled  as  a  miniature  repr^^sentative  of  the  tunica  adventitia  of  artOTes. 
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ire  and  there  at  the  junction  of  two  or  more  of  the  delicate  endothe- 
oells  which  compose  the  capillary  wall,  pseudo-etomata  may  be  seen, 
16  endothelial  cells  are  often  continuons  at  various  points  with  pro- 
of adjacent  connective-tiaaue   corpuscles.     Capillaries  are   sur- 
Itiuded  by  a  delicate  nerve-plexus  resemblingj  in  miniature,  that  of  the 
rger  blood-vessels. 

The  diameter  of  the  capillary  vessels  varies  somewhat  in  the  different 
^xtares  of  the  body,  the  most  common  size  being  about  ^^j^ih  of  an 
icb,  12/1,  Among  the  smallest  may  be  mentioned  those  of  the  brain, 
id  of  the  follicles  of  the  nuicous  membrane  of  the  intestines;  among 
ie  largest,  those  of  the  skin,  and  especially  those  of  the  medulla  of 
mes. 
The  me  of  capillaries  varies  necessarily  in  different  animals  in  rela- 


.  15T. — QqiillAiy  bilood'V«iae4a  from  the  oTnentum  of  rabbit,  showtD^  the  nucleated  ettdothelLdi 
BieBibrAiits  of  whfch  tbejr  are  composed.    iKIHa  and  Noble  Smith.) 


tion  to  the  size  of  their  blood  eorpuseles:  tims,  in  the  Proteus,  the  capil- 
lary circulation  can  just  be  discerned  with  the  naked  eye. 

The /or;/*  of  the  capillary  network  presents  considerable  variety  in 
the  different  textures  of  the  body:  the  varieties  consisting  principally 
of  modifications  of  two  chief  kinds  of  mesh,  the  rounded  and  the  elou- 
gHted.  That  kind  in  which  the  meshes  or  interspaces  have  a  roundish 
form  is  the  most  common,  and  prevails  in  those  parts  in  which  the 
capillary  network  is  most  dense,  siich  as  the  lungs  (fig.  15S),  most 
glands^  and  mncous  membranes,  and  the  cutis.  The  meshes  of  this 
kind  of  network  are  not  quite  circular  but  more  or  less  angular,  some- 
timed  presenting  a  nearly  regular  quadrangular  or  polygonal  form,  but 
being  more  frequently  irregular.  The  capillary  network  with  elongated 
meahea  is  observed  in  parts  in  which  the  vessels  are  arranged  among 
bandies  of  fine  tubes  or  fibres,  as  in  muscles  and  nerves.  In  such  parts, 
the  meshes  form  parallelograms,  the  short  sides  of  which  may  be  from 
three  to  eight  or  ten  times  less  than  the  long  onesj  the  long  sides  being 
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more  or  less  parallel  to  the  long  axig  of  the  fibre.  The  roanded  £uii 
dongatod  meahes  vary  according  as  the  vea^la  compofiiog  them  m 
straight  or  tortnoua.  | 

The  number  of  the  capillariea  and  the  ifiz^  of  ths  niesheM  in  diSereot 
parts  determine  in  general  the  degree  of  vwsevlariiff  of  thoae  ptrti 
The  capillary  network  is  closest  in  the  Innga  and  in  the  choroid  coat(^f 
the  eye.  In  the  iris  and  ciliary  body,  the  interspacee  are  somewhit 
wider,  yet  very  smulL  In  the  human  liver  the  interapacea  are  of  tht 
same  size,  or  even  smaller  than  the  capillary  vessels  themselves.  In  the 
homan  Inng  they  are  smaller  than  the  vessels;  in  the  human  kidner, 
and  in  the  kidney  of  the  dog*  the  diameter  of  the  injected  capiUiiritt, 
compared  with  that  of  the  interspaces^  is  in  the  proportion  of  ODe  to 


ridea 


FIs^lM. 
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Fl|?.  IBS.— Network  of  e&pilluT  -wvmeXm  of  the  air-oelte  of  ttie  borae^B  lunp  ma^nifinl   o,  a, 
C»pJlliir{«ii  proctMHliuiC  from  6,  &,  tcrmlcml  branchea  of  Uie  puloioiiary  Aiteiy.    ♦  Fr»*y, ) 

Fif?.  1^,— Injected  capiiloTjr  vessels  of  muscle  seen  with  a  low  inrmgnifjH"g  pow«r.      (StiarpejJ 

fonr,  or  of  one  to  three.  The  bruin  receives  a  very  large  qnantity  of 
blood;  but  its  capillaries  are  very  minute,  and  are  less  numerous  than 
in  some  other  parts.  In  the  mucous  membranes — for  example  in  tht 
conjunctiva  and  in  the  cutis  verji,  the  capillary  vessels  are  much  larger 
than  in  the  brain,  and  the  interspaces  narrower,— ^namely,  not  more 
than  three  or  four  times  wider  than  the  vessels.  In  the  periosteum 
the  meshes  are  much  larger.  In  the  external  coat  of  arteries^  the  width 
of  the  meshes  is  ten  times  that  of  the  vessels. 

It  may  be  held  as  a  general  rule,  that  the  more  active  the  functions 
of  an  organ  are,  the  more  vascular  it  is.  Hence  the  narrowness  of  th« 
interspaces  in  all  glandular  organs^  in  mucous  membranes,  and  in  grow- 
ing parts;  their  much  greater  width  in  bones,  ligaments,  and  other  very 
tough  and  comparatively  inactive  tissues;  and  the  usually  complete 
absence  of  vessels  in  cartilage,  and  such  parts  as  those  in  which,  proba- 
bly, very  little  vital  change  occurs  after  they  are  once  formed* 
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The  Veins. 

Distriiniiion*— The  venous  Byetem  begioa  in  smal!  ves^sels  which  are 

ghtlj  larger  than  the  capillaries   from   which  they  spring.     These 

bIs  are  gathered  up  into  larger  and  hirger  trunks  until  they  termi- 

(as  regards  the  systemic  circulation)  in  the  two  venae  cavae  and  the 

dnary  veius^  which  enter  the  right  auricle,  and  (as  regards  the  pnl- 

>nary    circulation)   in  four  pnlmonary   veins,  which   enter   the   left 

ricle.     The  total  capacity  of  the  veins  diminishes  as  they  approach 


,V/, 


-^^ 


^.  IflO.^TraiSTerBe  Bection  tbrougb  a  smaU  artery  and  Tcio  of  the  mucous  iii«mbrai!i«  of  a 
lepiKtatUs :  Ui«  artery  is  ihlck-waUed  ami  the  vein  thln-walled,  a.  Artery,  the  *ett^r  i»  placed 
Imnen  of  the  TeasaL  e.  Endothelial  ceUawiLh  aiielei  clearly  visilile ;  tliese  cell*  apw^ar  v(*ry 
tUbA  trota  Ihe  ooatracled  state  of  the  w&meL  Outaide  Ita  douhle  wa^y  line  jiarks  theelaNiic 
tonkaa  IntlmA.  m.  Ttmlca  iEif«dia  ootiHlating  of  unstriped  minMMjIar  Qhr^i  cinMilarlj  arrangifii ;  their 
midel  mim  weU  aaen.*  a.  Part  of  the  tuDica  adTcnlitia  ahowinif  buodles  of  ctJtitie*-nlve  tissue  fibre  in 
wctioa,  with  the  circular  nuclei  of  the  coanect1?e-t issue  corpuaclea.  This  toat  jrrarhmUy  merges 
teiboUie  aurrouodlQg  ooUDectlve  tligaiie.  v.  lu  the  lumt^  of  the  vpin*  Tlie  other  leu^irs  imJicaTe  the 
waxKM  as  In  the  artery.  Ttie  miiAcuJar  coat  of  the  vein  (mj  ia  seeti  to  be  much  thinaer  thazi  that  of 
tbe  artery.    X  8S0.    (Kteln  and  Noble  emitb.) 

the  heart;  but,  as  a  rule,  their  c^apacity  exceeds  by  twice  or  three  times 
that  of  their  corresponding  arteries.  The  pulmonary  veins,  however, 
are  an  exception  to  this  rule,  as  they  do  not  exceed  in  capacity  tlie  pul- 
monary arteries.  The  veins  are  found  after  death  more  or  less  collapsed, 
and  often  contain  blood.  They  are  nsually  distributed  in  a  superficial 
and  a  deep  set  which  communicate  frequently  in  their  course. 

Structure, — In  etnicture  the  coats  of  veins  bear  a  general  resemblance 
to  those  of  arteries,  {fig.  160).     Thus,  they  possess  outer,  middle»  and 
internal  coats. 
^L     The  outer  coat  is   constrncted  of  areolar  tissue  like  that  of  the 


Flir  Ifll.— PUwcrani  iiliowitif?  valv;^  of  tHeiji  a.  p&rt  of  a  vein  laid  oprn  and  vpnmA  OQi,  vich  t«« 
palm  of  vajTes,  b,  loni^tuilhioi  (lactioQ  of  a  Teln,  fihowltiz  Lhti  appoitltiou  of  tbe  edjres  of  tlie  ▼«}««• 
iQ  their  closed  stAte.  c,  portloQ  of  a  distended  vnia,  exhlbitiDg  a  sweUtni;  la  the  moMkm  of  a  piir 
uf  valvea. 

portion  of  yellow  elastir.  and  white  fibrous  tissue.  In  the  large  Terns, 
near  the  heart,  namely  the  rerKf  cavfP  and  pulmonary  veins,  the  middle 
coat  is  replaced,  for  some  distance  from  the  heart,  by  circularly  arranged 
striped  muscular  fibres,  continuous  with  those  of  the  auriclea. 


F^.  102.— A,  TeJD  with  TalT«^  open,    ii,  vela  with  ^alvra  etn^ed; 

lAtoml  cbaimel.    <l>altou,  i 


stream  of  biood  paani&g  off  bf 


The  internal  coat  of  veins  is  less  brittle  than  the  corresponding  coat 
of  an  artery,  but  in  other  respects  resembles  it  closely. 

Valves. — The  chief  influence  which  the  veins  have  in  the  clreul»> 
tion,  is  effected  with  the  help  of  the  valves,  contained  in  all  veins  sub- 
ject to  local  pressure  from  the  muscles  between  or  near  which  they  rum 


I 
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be  general  constraction  of  these  valves  is  similar  to  that  of  the  semi- 
mar  Talves  of  the  aorta  and  pulmonary  artery,  already  described;  but 
their  free  margins  are  turned  in  the  opposite  direction,  i,  §,,  tofvard  the 
koarty  ao  as  to  prevent  any  movement  of  blood  backward.  They  are 
fxuiuiieiilj  plaoed  in  pairs,  at  various  distances  in  different  veins,  but 
almoet  nniiormly  in  each  (fig.  161).  In  the  smaller  veins  single  Yalves 
are  often  met  with;  and  three  or  four  are  sometimes  placed  together,  or 
near  one  another,  in  the  largest  veins, 
saeh  as  the  subclavian,  and  at  their  junc- 
tion with  the  jugular  veins.  The  valves 
are  semilnnar;  the  unattached  edge  be- 
ing in  some  examples  conctive,  in  others 
straight.  They  are  composed  of  inexten- 
aile  fibrous  tissue,  and  are  covered  with 
endothelium  like  that  lining  the  veins. 
During  the  period  of  their  inaction^  when 
Ihe  Tenous  blood  is  flowing  in  its  proper 
direction,  they  lie  by  the  sides  of  the  veins; 
but  when  in  action,  they  come  together 
like  the  valves  of  the  arteries  (figs,  161  and 
183).  Their  situation  in  the  superficial 
of  the  forearm  is  readily  discovered 
pressing  along  its  surface,  in  a  diree- 
op{K}site  to  the  venous  current,  i>., 
the  elbow  toward  the  wrist;  when 
tie  swellings  (fig.  161,  c)  appear  in  the 
of  each  pair  of  valves.  These 
\  at  once  disappear  when  the  pres- 
ii  removed. 
Valves  are  not  equally  numerous  in  all 
and  in  many  they  are  absent  al- 
siber*  They  are  most  numerous  in 
Tains  of  the  extremities,  and  more 
in  tliose  of  the  leg  than  the  arm.  They  are  commonly  absent  in 
of  lets  than  a  line  in  diameter,  and,  as  a  genend  rule  there 
ftv  or  none  in  those  which  are  not  subject  to  muscular  pres- 
Among  those  veins  which  have  no  valves  may  be  mentioned  the 
iperiorand  inferior  vena  cava,  the  trunk  and  branches  of  the  portal 
tin,  the  hepatic  and  renal  veins,  and  the  pulmonary  veins;  those  in  the 
rior  of  the  cranium  and  vertebral  column,  those  of  the  bones,  and 
ink  and  branches  of  the  umbilical  vein  are  also  destitute  of  valves* 
nphniifs  of  ArUries  ami  1  >*«.*, — Lymphatic  spaces  are  present 
in  the  eoats  of  both  arteries  and  veins;  but  in  the  tunica  adventitia  or 
external  coat  of  large  vessels  they  form  a  distinct  plexus  of  more  or  less 


Fig.  ISS.— 6urfM»  view  of  an  artery 
from  the  mesentery  of  a  froft,  en- 
sheathed  In  a  fteri  vosculfir  tyniphatic 
vesaeL  o.  The  arteri\  with  km  circular 
miiiicular  ooat  t  media)  iodtcated  bj 
broail  traosvene  tnarktnsB,  irttli  «a 
iDcIloation  of  the  adveotiUa  outaklo. 
L  Lymphatic  veneL  Itawall  Is  •■Im- 

5 le  endothelial  membraDe,  (Klein  and 
obU?  Smith. 
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tubular  vessels.  In  smaller  vessels  they  appear  as  sinons  spaces  lined 
by  endothelium.  Sometimes,  as  in  the  arteries  of  the  omentum,  megeo- 
tery,  and  membranes  of  the  brain,  in  the  pulmonary,  hepatic,  and  splenie 
arteries,  the  spaces  are  continuous  with  vessels  which  distinctly  ensheatk 
them^perivascular  lymphatic  sheaths  (fig.  163).  Lymph  channels  m 
said  to  be  present  also  in  the  tunica  media. 

The  Action  of  the  Heart. 

The  heart's  action  in  propelling  the  blood  consists  in  the  successiTe 
alternate  contraction  (systole)  and  relaxation  (diastole)  of  the  mm- 
cular  walls  of  its  two  auricles  and  two  ventricles. 

Action  of  the  Auricles. — The  description  of  the  action  of  the 
heart  may  be  commenced  at  that  period  in  each  cycle  which  imme- 
diately precedes  the  beat  of  the  heart  against  the  chest  wall.  The  whole 
heart  is  then  in  a  passive  state;  the  auricles  are  gradually  filling  with 
blood  flowing  into  them  from  the  veins;  and  a  portion  of  this  blood  is 
passing  at  once  through  them  into  the  ventricles,  the  opening  between 
the  cavity  of  each  auricle  and  that  of  its  corresponding  ventricle  being, 
during  all  the  pause,  free  and  patent.  The  auricles,  however,  receiving 
more  blood  than  at  once  passes  through  them  to  the  ventricles,  become, 
near  the  end  of  the  pause,  fully  distended ;  and  at  the  end  of  the  pause, 
they  contract  and  expel  their  contents  into  the  ventricles. 

The  contraction  of  the  auricles  is  sudden  and  very  quick;  it  com- 
mences at  the  entrance  of  the  great  veins  into  them,  and  is  thence  prop- 
agated toward  the  auriculo-ventricular  opening;  but  the  last  part  which 
contracts  is  the  auricular  appendix.  The  reflux  of  blood  into  the  great 
veins  during  the  auricular  systole  is  resisted  not  only  by  the  mass  of 
blood  within  them,  but  also  by  the  simultaneous  contraction  of  the 
muscular  coats  with  which  the  large  veins  are  provided  near  their  en- 
trance into  the  auricles.  Any  slight  regurgitation  from  the  right  auri- 
cle is  limited  by  the  valves  at  the  junction  of  the  subclavian  and  internal 
jugular  veins,  beyond  which  the  blood  cannot  move  backward;  and  the 
coronary  vein  is  preserved  from  it  by  a  valve  at  its  month. 

The  force  of  the  blood  propelled  into  the  ventricle  at  each  auricalar 
systole  is  transmitted  in  all  directions,  but  being  insufi&cient  to  open  the 
semilunar  valves,  it  is  expended  in  distending  the  ventricle. 

Action  of  the  Ventricles. — The  dilatation  of  the  ventricles  which 
proceeds  during  the  chief  part  of  the  dilatation  of  the  auricles  is  com- 
pleted by  the  forcible  injection  of  the  contents  of  the  latter.  Thus 
distended,  the  ventricles  immediately  contract:  so  immediately,  indeed, 
that  their  systole  looks  as  if  it  were  continuous  with  that  of  the  auri- 
cles. The  ventricles  contract  much  more  slowly  than  the  auricles,  and 
in  their  contraction   probably   always   thoroughly   empty  themselves, 
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n  this  respect  from  the  auricles,  in  which,  even  after  their 
eompiete  contraction,  a  smidl  quantity  of  blood  remiiins*  The  shape  of 
both  ventrielee  during  systole  undergoes  an  alteration,  the  left  probably 
not  altering  in  length  but  to  a  certain  degree  in  breadth,  the  diameter 
tu  the  plane  of  the  base  being  diminished.  The  right  ventricle  does 
octimlly  shorten  to  a  small  extent.  The  systole  has  the  effect  of  dimin- 
iabing  the  diameter  of  the  base,  especially  in  the  plane  of  the  auriculo- 
Tentricukr  valves;  but  the  length  of  the  heart  as  a  whole  is  not  altered 
(Ludwig).  During  the  systole  of  the  ventricles,  too,  the  aorta  and  pul- 
monary artery,  being  tilled  with  blood  by  the  force  of  the  ventricular 
action  against  considerable  rcisistancej  elongate  as  well  as  expand,  and 
the  whole  heart  moves  slightly  toward  the  right  and  forward,  twisting 
on  its  long  axis,  and  exposing  more  of  the  left  ventricle  anteriorly  than 
is  iisaally  in  front.  When  the  systole  ends  the  heart  resumes  its  former 
position,  rotating  to  the  left  agaiu  as  the  aorta  and  pulmonary  artery 
contract.  After  the  whole  of  the  blood  has  been  expelled  from  the 
Tentricles,  the  walls  are  believed  to  remain  contracted  for  a  short  period 
before  the  rapid  re-dilatation  of  the  chambers  begin. 

Action  of  the  Valves. — (1)  The  Aun'culo'VentncuIar.^The  dis- 
tention of  the  ventricles  with  blood  continues  throughout  the  whole 
period  of  their  diastole.  The  auriculo-ventrieular  valves  are  gradually 
brought  into  place  by  some  of  the  blood  getting  behind  the  cusps  and 
floating  them  up;  and  by  the  time  that  the  diastole  is  complete,  the 
•valves  are  no  doubt  in  apposition,  the  completion  of  this  being  brought 
ftbou^t  by  the  reflux  current  caused  by  the  systole  of  the  auricles.  This 
elevation  of  the  auriculo-ventrieular  valves  is  materially  aided  by  the 
action  of  the  elastic  tissue  whieli  has  been  shown  to  exist  so  largely  in 
their  structure,  especially  on  the  ventricular  surface.  At  any  rate  at 
the  commencement  of  the  ventricular  systole  they  are  completely  closed. 
It  should  be  recollected  that  the  diminution  in  the  breadth  of  the  base 
of  the  heart  in  its  transverse  diameters  during  ventricular  systole  is 
efpecially  marked  in  the  neighborhood  of  the  auriculo-ventrieular  rings, 
and  thia  aids  in  rendering  the  auriculo-ventrieular  valves  competent  to 
dose  the  openings,  by  gre<'itly  diminishing  their  diameter.  The  mar- 
gins of  the  cusps  of  the  vakes  are  still  more  secured  in  apposition  with 
another,  by  the  simultaneous  contraction  of  the  musculi  papillares, 
whose  chordas  tendiueae  have  a  special  mode  of  attachment  for  this 
object.  The  cusps  of  the  an rieulo- ventricular  valves  meet  not  by  their 
edges  only,  but  by  the  opposed  surfaces  of  their  thin  outer  borders. 

The  form  and  position  of  the  fleshy  columns  on  the  internal  walla  of 
the  ventricle  no  doubt  help  to  produce  the  obliteration  of  the  ventricu- 
lar cavity  during  contraction;  and  the  completeness  of  the  closure  may 
often  be  observed  on  making  a  transverse  section  of  a  heart  shortly 
after  death,  in  any  case  in  which  rigor  moriis  is  very  marked  (fig.  149), 
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In  such  a  case  only  a  central  fissure  may  be  discernible  to  the  eye  in  the 
place  of  the  cavity  of  each  yenthcle. 

If  there  were  only  circular  fibres  forming  the  yentricular  wall,  it  is 
evident  that  on  systole  the  ventricle  would  elongate;  if  there  were  onlj 
longitudinal  fibres,  the  ventricle  would  shorten  on  systole;  but  there 
are  both.  The  tendency  to  alter  in  length  is  thus  counterbalaiiced, 
and  the  whole  force  of  the  contraction  is  expended  in  diminishing  the 
cavity  of  the  ventricle;  or,  in  other  words,  in  expelling  its  contents. 

On  the  conclusion  of  the  systole  the  ventricular  walls  tend  to  expand 
by  virtue  of  their  elasticity,  and  a  negative  pressure  is  set  up,  whick 
tends  to  suck  in  the  blood.  This  negative  or  suctional  pressure  on  the 
left  side  of  the  heart  is  of  the  highest  importance  in  helping  the  pul- 
monary circulation.  It  has  been  found  to  be  equal  to  23  mm.  of  mer* 
cury,  and  is  quite  independent  of  the  aspiration  or  suction  power  of  the 
thorax  itself,  which  will  be  described  in  a  later  chapter. 

The  musculi  papillares  prevent  the  auriculo- ventricular  valves  from 
being  everted  into  the  auricle.  For  the  chord®  tendinese  might  allow 
the  valves  to  be  pressed  back  into  the  auricle,  were  it  not  that  when  the 
wall  of  the  ventricle  is  brought  by  its  contraction  nearer  the  auriculo- 
ventricular  orifice,  the  musculi  papillares  more  than  compensate  for  thig 
by  their  own  contraction — holding  the  chords  tight,  and,  by  pulling 
down  the  valves,  adding  slightly  to  the  force  with  which  the  blood  is 
expelled. 

These  statements  apply  equally  to  the  auriculo-ventricnlar  valves  on* 
both  sides  of  the  heart;  the  closure  of  both  is  generally  complete  every 
time  the  ventricles  contract.  But  in  some  circumstances  the  tricuspid 
valve  does  not  completely  close,  and  a  certain  quantity  of  blood  is 
forced  back  into  the  auricle.  This  has  been  called  the  safety^  valve  action. 
The  circumstances  in  which  it  usually  happens  are  those  in  which  the 
vessels  of  the  lung  are  alreiidy  completely  full  when  the  right  ventricle 
contracts,  as,  e,fj,,  in  certain  pulmonary  diseases,  in  very  active  exertions, 
and  ill  great  efforts.  In  these  cases,  the  tricuspid  valve  does  not  com- 
pletely close,  and  the  regurgitation  of  the  blood  may  be  indicated  by  a 
pulsation  in  the  jugular  veins  synchronous  with  that  in  the  carotid 
arteries. 

It  has  been  shown  that  the  commencement  of  the  ventricular  systole 
precedes  the  opening  of  the  semilunar  valves  by  a  fraction  of  a  second. 
This  would  seem  to  show  that  the  intraventricular  pressure  does  not 
exceed  the  arterial  pressure  until  the  systole  has  actually  begun,  for  the 
opening  of  the  valves  takes  place  at  once  when  there  is  a  distinct  differ- 
ence in  favor  of  the  intraventricular  over  the  arterial  pressure,  and  con- 
tinues open  only  as  long  as  this  difference  continues.  When  the  arterial 
begins  to  exceed  the  intraventricular  pressure,  there  is,  as  it  were,  a 
reflux  of  blood  toward  the  heart,  and  the  valves  close.     The  dilatation 
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if  the  arteries  is,  in  a  peculiar  manner,  adapted  to  bring  tliia  iiboiit^ 
Phe  lower  borders  of  the  Bemilunar  valves  are  attached  to  the  inner 
irface  of  the  tendinous  ring,  which  is,  as  it  were,  inlaid  at  the  orifice 
wt  the  artery,  between  the  mnsciilar  fibres  of  the  ventricle  and  the 
llastic  fibres  of  the  walla  of  the  artery.  The  tissue  of  this  ring  is  tough, 
tsiid  does  not  admit  of  extension  nndcr  such  pressure  as  it  is  commonly 
ixposed  to;  the  valves  are  equally  inex tensile,  being,  as  already  men- 
kionedy  formed  mainly  of  tough,  close-textured,  fibrous  tissue,  with 
troDg  interwoven  cords*  Hence,  when  the  ventricle  propels  blood 
Ibrongh  the  orifice  and  intu  the  canal  of  the  artery,  the  lateral  pressure 
rhich  it  exercises  is  sufficient  to  dilate  the  walls  of  the  artery,  but  not 
lough  to  stretch  in  an  equal  degree,  if  at  all,  the  unyielding  valves  and 
the  ring  to  which  their  lower  borders  are  attached.  The  elTect,  there- 
fore, of  each  such  propulsion  of  blood  from  the  ventricle  is,  that  the 
rail  of  the  first  portion  of  the  artery  is  dilated  into  three  pouches  behind 
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Tig.  lOi. — Sections  of  aorta,  to  show  the  ocCIod  of  the  semitunAr  valves,  i  fB  iDt«ade<d  to  stiow 
r  d»  TilTaft,  repreaentM]  by  the  dotted  line*,  iFtn^  i»e*r  the  artcuiAl  wallR.  repre§ente<i  by  th«  cootja- 
1  iioua outer  Uoe.    b  (After  Hunter)  abows  uw  Arterial  v«ll  dJlsteodtNl  inr^)  thrbepoucheM  mi,  and 

tTKWB  awar  from  the  Talres,  wUlch  are  strmigliteoed  loto  the  form  of  an  t^iiiiJateral  triaagle  as 

MppMeiitcd  by  tbe  dotted  Utwc. 

the  valves,  while  the  free  margins  of  the  valves  are  drawn  inward  toward 
its  centre  (fig.  164,  b).  Their  positions  may  be  explained  by  the  dia* 
grams,  in  which  the  continuous  lines  represent  a  trjmsverse  section  of 
the  arterial  wails,  the  dotted  ones  the  edges  of  the  valves,  firstly,  when 
the  valves  are  nearest  to  the  walls  (a),  as  in  the  dead  hearty  and,  sec- 
ondly, when,  the  wails  being  dilated,  the  valves  are  drawn  away  from 
them  (b). 

This  position  of  the  valves  and  arterial  walls  is  retained  so  long  as 
tbe  ventricle  continues  in  contraction:  bat  as  soon  as  it  relaxes,  and  the 
diliited  arterial  walls  can  recoil  by  their  elasticity,  the  blood  is  forced 
backward  toward  the  ventricles  and  anw\ard  in  the  course  of  the  eircu* 
lation.  Part  of  the  blood  thns  forced  back  lies  in  tho  pouches  (sinuses 
,of  Valsalva)  («,  fig.  164,  b)  between  the  valves  and  the  arterial  walls; 
and  the  valves  are  by  it  pressed  together  till  their  thin  lunated  margins 
meet  in  three  lines  radiating  from  the  centre  to  the  circumference  of 
tbe  artery  (7  and  8,  fig.  148). 

The  contact  of  the  valves  in  this  position  and  the  complete  closure 
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of  the  arterial  orifice  are  secured  by  the  peculiar  coxLStroction  of  th^ 

borders  before  mentioned.    Among  the  cords  which  are  interwoven  in 

the  substance  of  the  valve  are  two  of  greater  strength  and  prominence 

than  the  rest;  of  which  one  extends  along  the  free  border  of  each  valve, 

and  the  other  forms  a  doable  cnrve  or  festoon  just  below  the  free 

border.    Each  of  these  cords  i^  attached  by  its  outer  extremities  to  the 

outer  end  of  the  free  margin  of  its  valve,  and  in  the  middle  to  the 

coq>us  ^Vrantii;  thev  thus  enclose  a  lunated  space  from  a  line  to  aline 

and  a  half  in  width,  in  which  space  the  substance  of  the  valve  is  much 

thinner  and  more  pliant  than  elsewhere.     When  the  valves  are  pressed 

down,  all  these  parts  or  spaces  of  their  surfaces  come  into  contact,  and 

the  closure  of  the  arterial  orifice  is  thus  secured  by  the  apposition  not 

of  the  mere  edges  of  the  valves,  but  of  all  those  thin  lunated  parts  of 

each  which  lie  between  the  free  edges  and  the  cords  next  below  them. 

These  parts  are  firmly  pressed  together,  and  the  greater  the  pressure 

that  falls  on  them  the  closer  and  more  secure  is  their  apposition.    The 

corpora  Arantii  meet  at  the  centre  of  the  arterial  orifice  when  the  valvea 

are  down,  and  they  probably  assist  in  the  closure;    but  they'are  not 

essential  to  it,  for,  not  unfrequently,  they  are  wanting  in  the  valves  of 

the  pulmonary  artery,  which  are  then  extended  in  larger,  thin,  flapping 

margins.     In  valves  of  this  form,  also,  the  inlaid  cords  are  less  distinct 

than  in  those  with  corpora  Arantii;  yet  the  closure  by  contact  of  their 

surfaoes  is  not  less  secure. 

Cardiac  Cycle. — Taking  T-2  as  the  average  number  of  cardiac  evolu- 
tions per  minute,  each  revolution  maybe  considered  to  occupy  f  of  a 
second,  or  about  .s.  which  may  be  approximately  distributed  in  the 
following  way: — 

Auricular  sy St*. le.  ab.>ut    .  1 -- Auricular  diastole    .         .  .      .7  =  .8 

Ventricular  systole    -         .3  —  Yen tricular  diastole    .  .  .5  =  .8 

Periml  of  joint  auricular 
and  Ventricular  »iia>tole  A  —  Periixi  of  systole  of 

auricles  or  Tentricles    .  .     .4  =  .8 

If  the  speovi  of  the  heart  be  quickened,  the  time  occupied  by  each 
cardiac  revolution  is  of  course  diminished,  but  the  diminution  affects 
only  the  diastole  and  pause.  The  svstole  of  the  ventricles  occupies  very 
much  the  same  time,  whatever  the  pulse-rate. 

The  exact  period  in  which  the  several  valves  of  the  heart  are  in 
action  is  a  matter  of  some  uncertainty;  the  auriculo-ventricalar  valves 
are  probably  closed  tiuring  the  whole  time  of  the  ventricular  contrac- 
tion,  while,  during  the  dilatation  and  distention  of  the  ventricles,  they 
are  open.  The  semilunar  valves  are  onlv  certainly  open  during  the 
middle  period  of  the  ventricular  contraction. 
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The  Sounds  of  the  Heart. 

When  the  ear  is  placed  over  the  region  of  the  heart,  two  soumh  may 
Jieaiti  at  every  beat  of  the  heart,  which  follow  in  quick  succession, 
are  saccefded  by  a  pause  or  period  of  silence.  The  first  sotind  is 
sod  prolonged;  its  com  men  cement  coincides  with  the  impulse  of 
the  heairi  against  the  chest  wall,  and  just  precedes  the  pulse  at  the  wrist 
The  Mftund  is  shorter  and  sharper,  with  a  somewhat  Hupping  chamcter, 
and  follows  close  after  the  arterial  pulse.  Tbe  periods  of  time  occupied 
nsspectively  by  the  two  sounds  taken  together  and  bj  the  pause,  are 
ftOttrly  eqaaU  Thas,  according  to  Walshe,  if  the  cardiac  cycle  be  divided 
into  tenths,  the  first  sound  occupies  ^;  the  second  sound  ^;  the  first 
jmojse  (idmoat  imperceptible)  -jV;  and  the  second  pause  f^.  The  relative 
length  of  time  occupied  by  each  sound,  as  compared  with  the  other,  is 
&  little  nncertain.  The  difference  may  be  best  appreciated  by  consider- 
ing the  different  forces  concerned  in  the  production  of  the  two  sounds. 
In  one  cade  there  is  a  strong,  comparatively  slow,  contraction  of  a  large 
mas  of  muscular  fibres,  urging  forward  a  certain  quantity  of  lluid 
■giunst  considerable  resistance;  ivhile  in  the  other  it  is  iv  strong  but 
rimrtar  and  sharper  recoO  of  the  elastic  coat  of  the  large  arteries — shorter 
beeaoje  there  is  no  resistance  to  the  fiapping  back  of  the  semilunar  valves, 
as  tbene  was  to  their  opening.  The  sounds  may  be  expressed  by  the 
words  iubb^ — dii}}. 

The  events  which  correspond,  in  point  of  time,  with  the  first  sound, 
are  (1>  the  contraction  of  the  ventricles,  (2)  the  first  part  of  the  dilata- 
on  of  the  auricles,  (3)  the  tension  of  the  aurieulo- ventricular  valves, 
(4)  the  opening  of  the  semilunar  valves,  and  (5)  the  propulsion  of  blood 
into  the  arteries.  The  sound  is  succeeded,  in  ubont  one-thirtieth  of  a 
lecond^  by  the  pulsation  of  the  facial  arteries,  and  in  about  one-sixth  of 
•acond,  by  the  pulssition  of  the  arteries  at  the  wrist.  The  second  souud, 
paint  of  time,  immediately  follows  the  cessation  of  the  ventricular 
mtraetion,  and  corresponds  with  (a)  the  tension  of  the  semilunar 
▼ea»  {b)  the  continued  dilatation  of  the  auricles,  (r)  the  commencing 
dilatation  of  the  ventricles,  and  (d)  the  opening  of  the  auriculo-ventric- 
niar  Talfea.  The  pause  immediately  follows  the  second  sound,  and 
mmtpondB  t«  its  first  jmrt  with  the  completed  distention  of  the  auri- 
elot,  and  in  ii$  ^^eeond  with  their  contraction,  and  the  completed  disten- 
\Qn  of  the  ventricles;  the  aurieiilo-ventriciilar  valves  being  all  the  time 
the  pause  open,  and  the  arterial  valves  closedt 
Causes.— The  exact  cause  of  the  first  sound  of  the  heart  is  not 
:nown.  Two  factors  probably  enter  into  it,  viz.,  firstly  the  vibration 
the  aHriculo-iH^ntricuhir  valves  aTul  of  the  chordae  tendinese.  This 
lion  is  produced  by  the  increased  intraventricular  pressure  set  up 
the  Tentrionlar  systole  commences,  which  puts  the  valves  on  the 
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stretch*  The  question  whether  this  stretched  condition  of  the  nln 
continues  throughout  the  whole  of  the  ventricular  systole  caunot  be 
definitely  settled,  but  if  it  does  not,  the  valvular  element  may  possiMj 
take  part  in  the  production  of  the  first  part  of  the  first  sound  onij.  U 
is  not  unlikely  too  that  the  vibration  of  the  ventricular  walls  theraselrei 
and  of  the  aorta  and  pulmonary  artery,  all  of  which  parta  are  suddenlj 
put  into  a  state  of  tension  at  the  moment  of  ventricular  contrw^tiun, 
may  have  some  part  in  producing  the  first  sound.  Secondly,  ihe  mus- 
cular jiotind  produced  by  contraction  of  the  mass  of  muscular  fibres 
which  form  the  ventricle.  Looking  upon  the  contraction  of  the  heart 
as  a  single  contraction  and  not  as  a  series  of  contractions  or  tetanaSjit 
is  at  first  Bight  difficult  to  see  why  there  should  be  any  muscular  eoasd 
at  all  when  the  heart  contracts,  as  contraction  of  a  single  xnuscle  do«g 
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Tig,  l€fi,— Scbeine  of  c&rdlac  cvcle.    The  immr  circle 
heart;  the  outer  Ihc^  rdbtioti  of  U»e  soundtt  ai  ' 


evwiu  wbicb  occur  Kithiii  Uif 
'  utM.    (Sb&rpej  wkd  (iairdDer.j 


not  produce  sound.  It  has  been  suggested,  however^  that  it  arises  from 
the  repeated  unequal  tension  produced  when  the  wave  of  moscnlar  con- 
tractions  passes  along  the  very  intricately  arranged  fibres  of  the  ventric- 
ular walls.  The  valvular  element  is  probably  the  more  inaportant  of 
the  two  factors. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  the  first 
It  is  entirely  due  to  the  vibration  consequent  on  the  sudden  closure  of 
the  8©inilunur  valves  when  they  are  pressed  down  across  the  orifices  of 
the  aorta  and  pulmonary  artery.  The  influence  of  these  valves  in  pro- 
ducing the  sound  was  first  demonstrated  by  Hope  who  experimented 
with  the  hearts  of  calves.  In  these  experiments  two  delicate  curved 
needles  were  inserted,  one  into  the  aorta,  and  another  into  the  pulmo- 
nary artery,  below  the  line  of  attachment  of  the  semilunar  valves,  and, 
after  being  carried  upward  about  half  an  inch,  wore  brought  out  again 
_^rough  the  coats  of  the  respective  vessels,  so  that  in  each  vessel  one 
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^e  was  included  between  the  arterial  walls  and  the  wire.     Upon  ap- 

ig  the  stethoscope  to  the  veasels,  after  suck  an  operation,  the  second 

>tiiid  had  ceased  ta  be  audible.     Disease  of  these  valves^  when  sufBcient 

interfere  with  their  efficient  action,  also  demonstrates  the  siime  fact 

bj  modifying  the  valvular  cause  of  the  second  sound  or  destroying  its 

listinctness. 

One  reason  that  the  second  sound  is  clearer  and  sharjier  than  the  first 
may  be,  that  the  semilunar  valves  are  not  covered  in  by  the  thick  layer 
of  fibres  composing  the  walls  of  the  heart  to  such  an  extent  as  are  the 
luriculo-ventricular.  It  might  be  expected  therefore  that  their  vibra- 
ion  would  be  more  easily  heard  by  means  of  a  stethoscope  applied  to 
Ihe  walls  of  the  chest. 

The  contraction  of  the  auricles  which  tsikea  place  in  the  end  of  the 
luse  is  inaudible  outside  the  chest,  but  may  be  heard,  when  the  heart 
exposed  and  the  stethoscope  placed  on  it,  as  a  slight  sound  preceding 
ad  continued  into  the  louder  sound  of  the  ventricuhir  contraction. 


The  Impulse  of  the  Heart 

With  each  contraction  the  heart  may  be  felt  to  beat  with  a  slight 
shock  or  impuht  against  the  walls  of  the  chest.  The  force  of  the  im- 
pulse and  the  extent  to  which  it  may  be  perceived  beyond  this  point 
ary  considerably  in  different  individuals,  and  in  the  same  individual 
under  different  circumstances.  It  is  felt  more  distinctly,  and  over  a 
larger  extent  of  surface,  in  emaciated  than  in  fat  and  robtist  persons, 
and  more  during  a  forced  expiration  than  in  a  deep  inspiration;  for,  in 
the  one  case,  the  intervention  of  a  thick  layer  of  fat  or  muscle  between 
the  heart  and  the  surface  of  the  chest,  and  in  the  otlier  the  inflation  of 
the  portion  of  lung  which  overlaps  the  heart,  prevents  the  impulse  from 
being  fnlly  tninsmitted  to  the  surface.  An  excited  action  of  the  heart, 
and  especially  a  hypertrophied  condition  of  the  ventricles,  will  increase 
the  impulse;  while  a  depressed  condition,  or  an  atrophied  state  of  the 
¥entrioular  walls,  will  diminish  it, 

I  Cause  of  th^  Impuhe, — During  the  period  which  precedes  the  Ten- 
tricular  systole  the  apex  of  the  heart  is  situated  upen  the  diaphragm  and 
against  the  chest-wall  in  the  fifth  intercostal  space.  When  the  ventri- 
cles contract,  their  walls  become  hard  and  tense,  since  to  expel  their 
contents  into  the  arteries  is  a  tlistinctly  laborious  action,  as  it  is  resisted 
by  the  elasticity  of  the  vessels.  It  is  to  this  sudden  hardening  that  the 
impulse  of  the  heart  against  the  chest- wall  is  due,  and  the  shock  of  the 
dden  tension  may  be  felt  not  only  externally,  but  also  internally,  if 
;he  abdomen  of  an  animal  be  opened  und  the  finger  be  placed  upon  the 
under  surface  of  the  diaphragm,  at  a  point  corresponding  to  the  under 
gurface  of  the  Yentricle.     The  shock  la  felt,  and  possibly  seen  more  dis- 
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The  knob  (A)  is  for  application  to  the  chest-wall  oTer  the  place  of  the 
est  impulse  of  the  heart.  The  box  or  tjfmponum  communicates  by  means  d 
an  air-tight  tube  with  the  interior  of  a  second  tympanum,  in  connection  with 
which  is  a  long  and  light  lever  (a).  The  shock  of  the  heart's  impulse  being 
oooimimicated  to  the  ivoiy  knob,  and  through  it  to  the  first  tympanum,  the 
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oourae,  at  once  tranBinitt^d  by  the  column  of  air  id  the  elastic  tube 
interinr  of   tlie  second  tympauum,  also  riosed,  and  through  the  elaetic 
tmo^uble  lid  of  tlie  latter  to  the  lever,  which  is  placed  in  connection  with 
Bring  api»aratiis.     This  generally  consists  of  a  cylinder  ur  drum  covered 
ith  smoked  paper,  revolving  by  clockwork  with  a  definite  velocity.     Tlie 
Jut  of  the  lever  \%'Tites  ujwn  the  paper,  and  a  tracing  of  the  hearths  impulse 
'  cardiogram  is  thus  obtaincii. 
By  placing  tliree  small  India-rubber  air  bags  or  cardiac  mumh  in  the  interior 
ctively  of  the  right  auricle  and  the  right  ventricle,  and   in  im  intercostal 
iee  in  front  of  the  heart  of  living  animals  (hoi^*),  and  placing  tliejse  bags, 
meaxiB  of  long^  narrow  tubett.  in  communication  with  three  levern,  arranged 
one  over  the  other  in  connection  with  a  registering  apparatus  (fig.  1(>8),  Chau- 
&u  and  Marey  have  been  able  to  reci»rd  and  measure  with  much  accuracy  the 
ions  of  the  end^x-ardial   pressure  and  tlie  comparative  dunition  of  the 
utractiona  of   the  auricles  and  ventricles.     By  means  of  the  same  apparatus, 
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,  IttwAppftrmtna  of  MM.  Chaiiveau  and  Miir«*y  for  estimatiojr  the  variationi?  of  eDdocordJal 
presKune,  and  productloa  of  imj»iilse  of  tha  heart. 

I  flTuchromsm  of  the  impulse  with  the  contraction  of  the  ventricles,  is  also 
i  shown  ;  and  the  causieii  of  tlie  several  vibrations  of  which  it  is  really  com* 
have  been  demonstrated. 
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In  the  tracing  (fig,  1G9),  the  intervals  between  the  vertical  lines  rep- 
present  periods  of  a  tenth  of  a  second.  The  parts  on  which  any  given 
rtical  line  falls  represent  siinultjuieous  events.  It  will  be  seen  that 
the  coiitmction  of  the  auricle,  indicated  by  the  nutrked  curve  at  a  in 
first  tracing,  ciiuses  a  slight  increase  of  pregstirjB  in  the  ventricle,  which 
k  shown  at  a'  in  the  second  tracing,  and  produces  also  a  slight  impulse, 
which  is  indicated  by  x"  in  the  third  tracing.  The  closure  of  the  serai- 
lunar  valves  caueea  a  momentarily  increased  pressure  in  the  ventricle  at 
',  affects  the  preseure  in  the  auricle  d,  and  is  also  shown  in  the  trac- 
ing of  the  impulse  d*. 

The  large  curve  of  the  ventricular  and  the  impulse  tracings,  between 
A*  and  d',  and  a*  and  d%  are  caused  by  the  ventricular  contraction,  while 
the  smaller  undulations,  between  n  and  c,  b'  and  c',  b'  and  c',  are 
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It  on  the  tii^bteniiig  and  closure  oi 


III 


M  bj  no  memuM  cerUin  thai  Marej's  curres  properly  repreient 
ttivsmlMHU  in  intniTentncalar  preasure.  Much  objection  b&£  been 
tefceii  to  hii  mdhod  of  inTeetigiition.  Firvtlj,  becauae  bis  tambour  u* 
fmngement  does  not  admit  of  both  poeitire  and  negative  pressure  being 
mamHmxwomwiy  recorded*  Secxmdlj,  becaoae  the  method  is  only  applicable 
to  Large  animala,  fadi  as  the  hone.  And  thirdly,  because  the  intTSTes* 
tricnlar  changes  of  prcaaare  are  commnnicated  to  the  recording  tambour 
bj  a  long  elastic  colamn  of  air;  and  fonrthlj^  because  the  tambour  tr- 
rangement  has  a  tendency  to  record  inertia  vibrations.  H.  D.  BoUeston, 
who  has  pointed  out  the  above  imperfections  of  Marer*s  method^  has  r^ 
investigated  the  sabjeet  with  a  more  suitable  apparatus.     The  method 


f"^ 


puliie  of  Ihe  beirt.  to  be  rMd  from  left  to  right,  obt&iaed  by  CbAUveftu  ami  Marj^  «iif]nntDi. 

adopted  by  RoUeston  is  as  follows:  a  window  is  made  in  the  chest  of 
an  anaesthetis&ed  and  curarized  animal,  and  an  appropriately  curved  gla^s 
canula  introduced  through  an  opening  in  the  auricular  appendii. 
The  canuliA  is  then  passed  through  the  auriculo-ventricular  orifice  with- 
out causing  any  uppreoiable  regurgitation^  into  the  auricle,  or  it  may  be 
introduced  into  the  cavity  of  the  right  or  left  ventricle  by  an  opening 
made  in  the  ;ipex  of  the  heart.  In  some  experiments  the  trocar  is 
pushed  through  the  chest  wall  into  the  ventricular  cavity.  The  appa- 
ratus is  filled  with  a  solution  of  leech  extract  in  .75  per  cent  saline  so- 
lution, or  with  a  solution  of  sodium  bicarbonate  of  specific  gravity  1083, 
The  animals  employed  were  chiefly  dogs.  The  movement  of  the  column 
of  blood  is  commnnicated  to  the  wTiting  lever  by  means  of  a  vulcanite 
piston  which  moves  with  little  friction  in  a  bniss  tube  connected  with 
the  glaes  canulji  by  means  of  a  short  connecting  tube. 

When  the  lower  part  of  the  tube  (a)  is  placed  in  communication  with 
one  of  the  cavities  of  the  heart,  the  movements  of  the  piston  are  re- 


I 


are  re-  ■ 
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4XNrded  by  meaDs  of  the  lever  (c).  Attached  to  the  lever  is  a  section  of 
a  pulley  (h),  the  axis  of  which  coincides  with  that  of  the  steel  ribbon 
(b);  while,  firmly  fixed  to  the  piston,  is  the  carved  steel  piston  rod  (1), 
from  the  top  of  which  a  strong  silk  thread  (j)  passes  downward  into  the 
groove  on  the  pulley. 

This  thread  (j),  after  being  twisted  several  times  ronnd  a  small  pin 
«t  the  side  of  the  lever,  enters  the  groove  in  the  pulley  from  above  down- 

wmid,  and  then  passes  to  be  fixed  to  the  lower  part  of  the  curve  on  the 

pitton-rod  as  shown  in  the  smaller  figure. 

The  rise  and  fall  of  the  lever  (c)  is  controlled  by  the  resistance  to 


Vig.  17D.— Appwrmtus  for  rt>cordiiic;  the  endoca;  dial  pressure.    (RoUestOD.) 


torsion  of  the  steel  ribbon  (e),  to  the  middle  of  which  one  end  of  the 
lever  is  securely  fixed  by  a  light  screw  clamp  (f).  At  some  distance 
from  this  clamp — the  distance  varying  with  the  degree  of  resistance 
which  it  is  desired  to  give  to  the  movements  of  the  lever — are  two  hold- 
ers (o.o')  which  securely  clamp  the  steel  ribbon. 

As  the  torsion  of  a  steel  wire  or  strip  follows  Hooke's  law,  the  tor- 
sion being  proportional  to  the  twisting  force — the  movements  of  the 
lever  point  are  proportional  to  the  force  employed  to  twist  the  steel  strip 
or  ribbon — in  other  words  to  the  pressures  which  act  on  the  piston  (b). 

To  make  it  possible  to  record  satisfactorily  the  very  varying  ventric- 
ular and  auricular  pressures,  the  resistance  to  torsion  of  a  steel  ribbon 
adapts  itself  very  conveniently. 
13 
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This  TtmUsnee  can  be  vmried  in  two  wbjb,  let,  by  nsing  one  or  more 
pieces  of  fteel  ribbon  or  bj  luing  suipt  of  different  thicknesses;  or  2d, 
bj  TMTing  the  distance  between  the  holders  (g.g)  and  the  central  part 
of  the  steel  ribbon  to  which  the  lerer  is  attached. 

BoIIeston's  conclusions  are  as  follows: — 

1.  That  there  is  no  distinct  and  separate   anricolar  contrsctioo 


FVg.  171.— EpdocaniUl  |wiiun  luiit  from  the  left  iMitiklf  The  thorax  wma  opened  and » 
camila  iatroduoed  thmai^  the  apex  of  the  TCBtride:  ahaciHB  is  hue  of  mtMXHxpbehe  preanuf.  e 
to  D  rf.pna».au  Tentricolar  oootmcckn:  from  d  to  the  next  riw  at  o  rvpreaenU  the  ▼entricolar 
diaiitole.  The  notch  at  the  topof  vhidi  in  r  iaa  poat-wnrrimlarriae  to  preasore  from  below  Uat 
of  the  atmoaphere  and  not  a  pre^sjatobc  or  auncnlar  riae  to  premnre. 

marked  in  the  curves  obtained  from  either  right  or  left  ventricles,  the 
auricular  and  ventricular  rises  of  pressure  being  merged  into  one  con- 
tinuous rise. 

2.  That  the  auriculo-ventricular  valves  are  closed  before  any  great 
rise  of  pressare  within  the  ventricle  above  that  which  results  from  the 
auricular  systole  {a,  fig.  172).    The  closure  of  the  valve  occurs  probably 


Fig.  172.— Oinre  with  dicrotic  Rummit  from  left  Tentricle:  abeciasa  shows  atmospheric  picaauie. 


in  the  lower  third  of  the  rise  a  b  (fig.  172),  and  does  not  produce  any 
notch  or  wave. 

3.  That  the  semilunar  valves  open  at  the  poini  in  the  ventricnlar 
systole,  situated  (at  g)  about  or  a  little  above  the  junction  of  the  mid- 
dle or  upper  third  of  the  ascending  line  (a  b),  and  the  closure  about  or 
a  little  before  the  shoulder  (d). 

4.  That  the  minimum  pressure  in  the  ventricle  may  fall  below  that 
of  the  atmosphere,  but  that  the  amount  varies  considerably. 
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Frequency  and  Force  of  the  Heart's  Action. 

The  heart  of  a  healthy  adult  man  contracts  about  72  times  in  a 
linate;  but  many  circumstances  cause  this  rate,  which  of  course  cor- 
eeponds  with  that  of  the  arterial  pulse,  to  vary  even  in  health.  The 
hief  are  age,  temperament,  sex,  food  and  drink,  exercise,  time  of  day, 
KMture,  atmospheric  pressure,  temperature;  as  follows: — 

(1.)  Age, — The  frequency  of  the  heart's  action  gradually  diminishes 
rom  the  commencement  to  near  the  end  of  life,  but  is  said  to  rise 
.gain  somewhat  in  extreme  old  age,  thus: — 


lefore  birth  the  average  number  of 
pulflations  per  minute  is   150 
UBt  after  birth  from  140  to 


hiring  the  first  year 
>iiring    the     second 
year 
kuring  the  tliird  year 


130 
180  to  115 

115  to  100 
100  to     90 


About    the     seventh 

year 
About  the  fourteenth 

year 
In  adult  age 
In  old  age 
In  decrepitude   . 


from    90  to     85 


85  to 
80  to 
70  to 
75  to 


80 
70 
60 
65 


(2.)  Temperament  and  Sex. — In  persons  of  sanguine  temperament, 
he  heart  acts  somewhat  more  frequently  than  in  those  of  the  phleg- 
oatic;  and  in  the  female  sex  more  frequently  than  in  the  male. 

(3  and  4.)  Food  and  Drink.  Exercise. — After  a  meal  the  heart's 
ction  is  accelerated,  and  still  more  so  during  bodily  exertion  or  mental 
ixdtement;  it  is  slower  during  sleep. 

(5.)  Diurnal  Variation. — In  health  the  pulse  is  most  frequent  in  the 
Qoming,  and  becomes  gradually  slower  as  the  day  advances :  and  this 
liminution  of  frequency  is  both  more  regular  and  more  rapid  in  the 
ivening  than  in  the  morning. 

(6.)  Posture. — The  pulse,  as  a  general  rule,  especially  in  the  adult 
nale,  is  more  frequent  in  the  standing  than  in  the  sitting  posture,  and 
n  the  latter  than  in  the  recumbent  position;  the  difference  being 
greatest  between  the  standing  and  the  sitting  postures.  The  effect  of 
thange  of  posture  is  greater  as  the  frequency  of  the  pulse  is  greater, 
Jid,  accordingly,  is  more  marked  in  the  morning  tha'n  in  the  evening. 
)y  supporting  the  body  in  different  positions,  without  the  aid  of  mus- 
iular  effort  of  the  individual,  it  has  been  .proved  that  the  increased  fre- 
[uency  of  the  pulse  in  the  sitting  and  standing  positions  is  dependent 
ipon  the  muscular  exertion  engaged  in  maintaining  them;  the  usual 
ffect  of  these  postures  on  the  pulse  being  almost  entirely  prevented 
rhen  the  usually  attendant  muscular  exertion  was  rendered  unnecessary. 

(7.)  Atmospheric  Pressure. — The  frequency  of  the  pulse  increases  in 
corresponding  ratio  with  the  elevation  above  the  sea. 

(8.)  Temperature. — The  rapidity  and  force  of  the  heart's  contrac- 
ions  are  largely  influenced  by  variations  of  temperature.  The  frog's 
learty  when  excised,  ceases  to  beat  if  the  temperature  be  reduced  to 
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0**  C.  (32°  R).  When  heat  is  gradually  applied  to  it,  both  the  speed 
and  force  of  the  contractions  increase  till  they  reach  a  maximum.  If 
the  temperature  is  still  further  raised,  the  beats  become  irregular  and 
feeble,  and  the  heart  at  length  stands  still  in  a  condition  of '*  heat- 
rigor/'  Similar  effects  are  produced  in  warm-blooded  animals.  In  the 
rabbit,  the  number  of  heart-beats  is  more  than  doubled  when  the  tem- 
perature of  the  air  was  maintained  at  40°.5  C.  (105°  F.).  At  45^^  C.  (113' 
— 114°  F.),  the  rabbit's  heart  ceases  to  beat. 

In  health  there  is  observed  a  nearly  uniform  relation  between  the 
frequency  of  the  beats  of  the  heart  and  of  the  respirations;  the  propor- 
tion being,  on  an  average,  1  respiration  to  3  or  4  beats.  The  same  rela- 
tion is  generally  maintained  in  the  cases  in  which  the  action  of  the  heart 
is  naturally  accelerated,  as  after  food  or  exercise;  but  in  disease  thig 
relation  may  cease.  In  many  affections  accompanied  with  increased 
frequency  of  the  heart's  contniction,  the  respiration  is,  indeed,  also 
accelerated,  yet  the  degree  of  its  acceleration  may  bear  no  definite  pro- 
portion to  the  increased  number  of  the  heart's  actions:  and  in  macy 
other  cases,  the  heart's  contraction  becomes  more  frequent  without  any 
accompanying  increase  in  the  number  of  respirations;  or,  the  respiration 
alone  may  be  accelerated,  the  number  of  pulsations  remaining  station- 
ary, or  even  falling  below  the  ordinary  standard. 

The  Force  of  the  Cardiac  Action. 

(a.)  Ventrmdar, — The  force  of  the  left  ventricular  systole  is  more 
than  double  that  exerted  by  the  contraction  of  the  right  ventricle:  tbig 
difference  results  from  the  walls  of  the  left  ventricle  being  about  twice 
or  three  times  as  thick  as  those  of  the  right.  And  the  difference  is 
adapted  to  the  greater  degree  of  resistance  which  the  left  ventricle  has 
to  overcome,  compared  with  that  to  be  overcome  by  the  right:  the 
former  having  to  propel  blood  through  every  part  of  the  body,  the  latter 
only  through  the  lungs.  The  actual  amount  of  the  intraventricular 
pressures  during  systole  in  the  dog  has  been  found  to  be  2.4  inches  (60 
mm.)  of  mercury  in  the  right  ventricle,  and  6  inches  (150  mm.)  in  the 
left. 

During  diastole  there  is  in  the  right  ventricle  a  negative  or  suction 
pressure  of  about  §  of  an  inch  (  —  17  to  —16  mm.),  and  in  the  left  ven- 
tricle from  2  inches  to  \  of  an  inch  (  —  52  to  —  20  mm.).  Part  of  this 
fall  in  pressure,  and  possibly  the  greater  part,  is  to  be  referred  to  the  in- 
fluence of  respiration;  but  without  this  the  negative  pressure  of  the  left 
ventricle  caused  by  its  active  dilatation  is  about  equal  to  f  of  an  inch 
(20  mm.  )of  mercury. 

The  right  ventricle  is  undoubtedly  aided  by  this  suction  power  of 
the  left,  so  that  the  whole  of  the  work  of  conducting  the  pulmonary 
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oircalation  does  not  fall  upon  the  right  side  of  the  heart,  but  is  assisted 
by  the  left  side. 

(ft.)  Auricular. — The  maximum  pressure  within  the  right  auricle  is 
equal  to  about  ^1  of  an  inch  (20  mm.)  of  mercury,  and  is  probably  some- 
what less  in  the  left.  It  has  been  found  that  during  diastole  the  pres- 
rare  within  both  auricles  sinks  considerably  below  that  of  the  atmos- 
phere; and  as  some  fall  in  pressure  takes  place,  even  when  the  thorax 
of  the  animal  operated  upon  has  been  opened,  a  certain  proportion  of 
the  fall  must  be  due  to  active  auricular  dilatation  independent  of  respi- 
ration in  the  right  auricle,  this  negative  jiressure  is  equal  to  about 
— 10  mm. 

In  estimating  the  work  done  by  any  machine  it  is  usual  to  express 
it  in  terms  of  the  unit  of  work.  In  England,  the  unit  of  work  is  the 
foot'pound,  and  is  defined  to  bo  the  energy  expended  in  raising  a  unit 
of  weight  (1  lb.)  through  a  unit  of  height  (1  ft.):  in  France,  the  kilo- 
gram-metre.  The  work  done  by  the  heart  at  each  contraction  can  be 
readily  found  by  multiplying  the  weight  of  blood  expelled  by  the  ven- 
tricles by  the  height  to  which  the  blood  rises  in  a  tube  tied  into  an 
artery.  This  height  is  probably  about  9  ft.  3.21  metres  in  man.  Tak- 
ing the  weight  of  blood  expelled  from  the  left  ventricle  at  each  systole 
at  6  oz.,  i.e.,  |  lb.,  we  have  9  x  f  =  3.3T5  foot-pounds,  or  3.21  X  180  grms. 
or  578  gram-metres,  as  the  work  done  by  the  left  ventricle  at  each  sys- 
tole; and  adding  to  this  the  work  done  by  the  right  ventricle  (about 
one-fourth  that  of  the  left)  we  have  3.3T5  +  .822  =  4.19  foot-pounds,  or 
722  gram-metres  as  the  work  done  by  the  heart  at  each  contraction. 

Blood  Pressure. 

The  subject  of  blood-pressure  has  been  already  incidentally  men- 
tioned more  than  once  in  the  preceding  pages,  the  time  has  now  arrived 
for  it  to  receive  more  detailed  consideration. 

That  the  blood  exercises  pressure  upon  the  walls  of  the  vessels  con- 
taining it,  is  due  to  the  following  facts: — 

Firstly,  that  the  heart  at  e^ch  contraction  forcibly  injects  a  consid- 
erable amount  of  blood,  viz.,  4  to  6  oz.  (120  to  130  grms.)  suddenly  and 
quickly  into  the  arteries. 

Secondltfy  that  the  arteries  are  already  full  of  blood  at  the  com- 
mencement of  the  ventricular  systole,  since  there  is  not  sufficient  time 
between  the  heart  beats  for  the  blood  to  pass  into  the  veins. 

Thirdly,  that  the  arteries  are  highly  distensible  and  stretch  to  ac- 
commodate the  extra  amount  of  blood  forced  into  them ;  and 

Fourthly,  that  there  is  a  distinct  resistance  interposed  to  the  pas- 
sage of  the  blood  from  the  arteries  into  the  veins,  from  the  enormous 
number  of  minute  vessels,  small  arteries  (arterioles)  and  capillaries  into 
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which  the  main  artery  has  been  ultimately  broken  up.  The  sectioiul 
aica  of  the  capillaries  is  several  hundred  times  that  of  the  aorta,  and 
the  friction  generated  by  the  passage  of  the  blood  through  these  minute 
channels  opposes  a  considerable  hindrance  or  resistance  in  ilR  course, 
The  resistance  ttius  set  up  is  called  peripheral  resistance.  The  fric- 
tion is  greater  in  the  arterioles  where  the  current  is  comparatively  rapid 
than  in  the  capillaries  where  it  is  slow. 

That  the  blood  exerts  considerable  pressure  upon  the  arterial  walk 
in  keeping  them  in  a  stretched  or  distended  condition,  may  be  readilj 
shown  by  puncturing  any  artery;  the  blood  is  instantly  projected  vitb 
great  force  through  the  opening,  and  the  jet  rises  to  a  considerable 
height,  the  exact  level  of  which  varies  with  the  size  of  the  artery  ex])e- 
rimented  with.     If  a  large  artery  be  punctured,  the  blood  may  be  pro- 
jected upward  for  many  feet,  whereas  if  a  small  artery  be  similarly  dealt 
witli  the  jet  does  not  rise  to  such  a  height.    Another  marked  feature  of 
the  jet  of  blood  from  a  cut  artery,  particularly  well  marked  if  the  vessel 
be  a  large  one,  and  near  the  heart,  is  the  jerky  character  of  the  outflow. 
If  the  artery  be  cut  across,  the  jet  issues  with  force,  chiefly  from  the 
centnil  end,  unless  there  is  considerable  anastomosis  of  vessels  in  the 
neighborhood,  when  the  jet  from  the  peripheral  end  may  be  as  forcible 
and  as  intermittent  as  that  from  the  other  end.     The  intermittent  flow 
in  the  arteries  which  is  due  to  the  intermittent  action  of  the  heart,  uiid 
which  re])re8ents  the  systolic  and  diastolic  alterations  of  blood  pressure, 
may  be  felt  if  the  finger  be  placed  upon  a  sufficiently  superficial  artery. 
The  finger  is  apparently  raised  and  lowered  by  the  intermittent  systolic 
distention  of  the  vessel,  occurring  at  each  heart  beat     This  intermittent 
distention  of  the  artery  is  what  is  known  as  the  Pulse,  to  the  further 
consideration  of  which  we  shall  persently  return,  but  we  may  sjiy  here, 
that  in  a  normal  condition  the  pulse  is  a  characteristic  of  the  arterial, 
and  is  absent  from  the  venous  flow.     At  the  same  time  it  must  be  recol- 
lecaed  that  iu  the  veins  tlie  blood  exercises  a  pressure  on  its  containing 
vessel,  but  as  we  shall  see  presently  this  is  small  when  compared  with 
the  arterial  blood-pressure.     As  might  be  expected,  therefore,  the  blood 
is  not  expelled  with  so  much  force  if  a  vein  be  punctured  or  cut,  and 
further,  the  flow  from  the  cut  vein  is  continuous  and  not  intermittent, 
and  the  greater  amount  of  blood  comes  from  the  peripheral  and  not 
from  the  central  end  as  is  the  case  when  an  artery  is  severed. 

The  result  produced  by  the  experiment  of  cutting  or  puncturing  a 
blood  vessel  may  be  modified  by  introducing  into  the  vessel  a  ghiss 
tube  of  a  calibre  corresponding  to  that  of  the  vessel,  and  allowing  the 
blood  to  rise  in  it.  If  the  vessel  be  an  artery,  the  blood  will  rise 
sevenil  feet,  according  to  the  distance  of  the  vessel  from  the  heart,  and 
when  it  has  reached  its  highest  point  will  be  seen  to  oscillate  with 
the  heart's  beats.     This  experiment  shows  that  the  pressure  which  the 
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iood  exerts  upon  the  walls  of  the  contniTied  artery,  eqaals  the  pres- 
I  of  %  column  of  blood  of  a  certain  height ;  in  the  case  of  the  rab- 
I  carotid  it  is  equal  to  3  feet  of  blood,  or  rather  more  than  3  feet  of 
In  the  ease  of  the  vein,  if  a  similar  experiment  be  performed, 
will  rise  in  the  tube  for  an  inch  or  two  only. 
The  usual  method  of  estimating  the  amount  of  btood  pregBure  differs 
i>inewhat  from  the  foregoing  simple  experiment  Instead  of  a  simple 
;ht  tube  of  glass  inserted  into  the  vessel,  a  U-shaped  tube  contain- 


-^- 


FWc.  ITS.— niftpram  of  niercuHel  k^nio|rra|)h.  a,  rt*  volving  ryltn<!pr,  worked  by  A  cloelrworV 
nanipimetit  coutalneil  In  the  box  (b).  tbespeedbefcnjp  rcf^jlate'l  liy  a  fiuiiiboT^  tii«box;cyUui1er 
pfMlfted  by  mu  uprij^Ut  (bi,  ajiJ  itapablA  of  beitifr  tvifM?'!  or  lowert^L  by  n  acirw  {a\  fay  a  uanillf 

_  adndto  It;  t>,  c  K,  reprofient  mett^iirlal  manometer,*  Nuiiewhin  clffTereut  form  of  which  ts 

ihcpwo  In  next  figure. 

ing  mercury,  or  a  mercurial  manometer  is  employed,  and  the  artery 
IB  made  to  communicate  with  it  by  means  of  ii  afimll  eanuhi  which  is 
iniierted  into  the  vessel,  and  a  connecting  tube,  lui  iirntngement  being 
made  whereby  the  c-anula,  tubes,  etc.,  are  filled  with  a  saturated  saline 
aolutioQ  to  prevent  the  clotting  of  blood  when  it  is  allowed  to  pass  from 
the  artery  into  the  apparatus.  The  passage  of  blood  is  prevented  during 
the  arrangement  of  the  details  of  the  experiment  by  a  pair  of  clamp  or 
bull-dog  forceps*  The  free  end  of  the  U-tube  of  mercury  contains  a 
fery  fine  glass  piston,  the  bulbous  end  of  which  floats  upon  the  surface 
of  the  mercury,  rising  with  its  rise  and  oscillating  with  its  oscillations. 
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Am  soon  ns  there  is  free  comma nioitiou  between  the  artery  and  the  tuU 
of  mercury,  the  blood  rushes  out  and  pushes  before  it  the  cokmuot 
mercury.  The  mercury  will  therefore  rise  in  the  free  UmU  of  the  tub?, 
and  will  continue  to  do  so  until  a  point  is  reached  wbicli  corresponds  to 
the  mean  pressure  of  the  blood-resael  ut»ed«  The  blood- pressure  i&  thai 
communicated  to  the  upper  part  of  the  mercurial  column;  and  tjir 
depth  to  which  the  latter  sinks,  udded  to  the  height  to  which  il  rises  ii 
the  other,  will  give  the  height  of  the  mercurial  column  which  the  blood* 
pressnre  Imlances;  the  weight  of  the  saline  aolation  bein^  subtracted 
For  the  oattmation  of  the  amount  of  blood  pressnre  at  ur 
ment,  no  further  appiiratue  than  this,  which  is  called  Pt»j 


FtR.  174.— LuciwlFii  KrmogTaph.  The  nuwomi^ter  is  sIhiwh  Iq  flj?.  \7X  I),  C\  E  Tliennsarury 
wlUch  partially  tlllti  tin''  iui*t*  mupp^frtNa  tUtut  in  form  nf  a  i;iiiiiotL,  nearly  flliiti^  Uh;  tub^;  a  *^T<ev 
fbcfHl  E^i  tlu*  lliim,  (iikI  Oie  wrfiing  cttyle  or  pec  i^  |iruiil<*<l  by  passing  thrciii|;h  the  brass  cau  of  Har 
tiibr?  flxml  to  ibf  wlrv;  the  jirettiurelsoonuauiiieateil  to  the  mercury  bj  mettOft  of  a  Hexit^  metal 
tiiht-  filled  with  fluid. 

fftadf/namofneier,  ifl  necessary;  but  for  noting  the  variations  of  pressare 
in  tht*  firterial  system^  as  well  as  its  absolute  amount,  the  instmme^t  ii 
usuaily  L'ombintHi  with  a  recording  appitratus,  in  this  form  called  » 
kymograph  (fig.  173), 

The  recording  apparatus  consists  of  a  revolving  cylinder  (fig.  ITS, 
A),  which  is  moved  by  clockwork,  and  the  speed  of  which  is  capable  of 
regulation.  The  cylinder  is  covered  with  glazed  paper  blackened  iu  the 
iliinie  oi  a  lamp*  and  the  mercnrial  miiuometer  is  so  fixed  (fig.  173,  D) 
that  its  float  provided  with  a  style  writes  on  the  cylinder  as  it  revolves. 
There  are  many  ways  in  which  the  mercurial  manometer  may  be  varied; 
in  fig.  174  is  seen  a  form,  which  is  known  as  Lud wig's  Kymograph.  In 
order  to  obviate  the  necessity  of  a  hirge  quantity  of  blood  entering  the 
tube  of  the  apparatus,  it  is  usual  to  have  some  arrangement  by  means 
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*  which  the  mercury  niay  be  tnade  to  rise  in  the  tube  of  the  manomofcer 

the  level  correspontling  to  the  mean  pressure  of  the  artery  experi- 

ealed  with,  so  that  the  writing  style  simply  reeords  the  variations  of 

blood  press uro  above  and  below  the  mean  pressure.     This  is  done  by 

asing  the  sjUine  solution,  generally  a  saturated  solution  of  sodium 

bonate  or  sulphate^  to  £11  the  apparatus  from  a  bottle  suspended  at  a 

jht,  and  capable  of  being  raised  or  lowered  as  required  for  the  pur- ' 

or  by  injecting  the  saline  solution  into  the  tube  by  means  of  a 

mge.     The  canula  inserted  and  tied  into  the  artery  may  be  of  two 

ifida.     In  one  ease  a  fine  glass  tube  is  used  with  the  end  dmwn  out  and 

it  so  that  its  end  is  oblique,  and  provided  with  a  shoulder  to  prevent 

coming  out  easily,  the  peripheral  end  of  the  cut  artery  being  tied  to 

^bTiate  the  escape  of  blood.     By  this  means,  the  pressure  communicated 

the  column  of  mercury  is  the  forward  and  not  the  lateral  prensure  of 

blood,  or  a  T-canula  may  be  employed  and  may  be  tied  into  the  two 

ids  of  a  divided  artery,  and  the  free  arm  of  the  T  jiiece  being  made 


Ftif.  i;5v— NonnA]  tracing  of  art^Hnl  pre*iwm"  in  the  rabbit  obtAfncd  witJi  the  mercuiiJil  kymo- 
"~'^^,    The  MnaUer  utidiiJiitlons  cotTF;<tpfynd  with  ttie  heart  ypB,^;  ihe  larger  eiim%  with  the  r«apl^ 


^ 


to  communicate  with  the  manometer.  This  communicates  the  lateral 
blood  pretssure. 

As  fioon  as  the  experiment  is  completed^  the  writing  float  is  seen  to 

illate  in  a  regular  manner,  and  a  curve  of  blood  pressure  is  traced 
upon  the  smoked  paper  by  the  style  (or,  if  a  continuous  roll  of  unsmoked 
paper  be  used  instead,  by  an  inked  pen),  when  a  figure  similar  to  fig. 
75  will  be  obtained* 

This  indicates  two  main  variations  of  the  blood  pressure;  the  smaller 
excursions  of  the  lever  corresponds  with  the  .sifufoh'  and  diajifoh  of  the 
^ar(t  and  theiarge  curves  correspond  with  the  respirutionsj,  being  called 
the  reipirniory  undulations  of  blood  pressure,  to  which  attention  will 
be  directed  in  the  next  chapter.  Of  course,  the  undulations  spoken  of 
are  only  seen  in  records  of  arterial  blood  pressure;  they  jire  more  clearly 
marked  in  the  arteries  nearer  the  heart  than  in  those  more  remote,  in 
the  smaller  arteries  the  amount  of  the  pressure  as  well  as  the  indicMion 
of  the  systolic  rise  of  pressure,  being,  companitively  speaking,  small. 

In  order  to  record  the  undulations  of  arterial  pressure,  for  some  pur- 
poses it  is  better  to  use  Fick's  Spring  Kymograph  than  the  mercurial 
jnAnometer.    Two  forms  of  this  instrument  are  shown  in  figs.  17Q  and 
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177*  It  conaists  of  a  hollow  C-spriiig,  filled  with  fluid,  th©  interior 
which  is  made  to  comniDTiicate  with  the  artery  by  means  of  u  flexible 
metal  tube  and  caniila.  In  response  to  the  pressure,  transmitted  to 
its  interior,  tlie  spring  tends  to  straighten  itself,  and  the  moTcxneDi 
thus  produced  is  eoniiiiujiieuted  by  nieatis  of  a  lever  to  a  writing  styld 
»ind  so  to  a  recording  upparatua.  This  instrument  obviates  the  errori 
which  might  be  caused  l>y  the  inertia  of  the  mercury  in  the  mercoruil 
manometer;  it  also  shows  in  more  detail  the  variations  of  the  blood 
preasure  in  the  vessel  during  and  after  each  individual  beat  of  the  heart 


Fig,  l76.— A  form  of  Pick's  Spring  Kymoi^raiili.  a.  Tulx«  to  be  coQDbectetl  wlUi  Art«ry ;  c,  IwUow 
■pritifr,  the  moifiiient  nf  which  r«ov*»8  /*,  the  Hritiwif  lever:  r,  m:iv^  to  nfjeiilille  bH|ch(  of  6;  4,  Oul- 
■d«  prolwiliTp  Hi>di)ii:;  jy,  i*t'ivw  to  fix  on  tht*  u  riiclit  of  tiie  ftuppttrt. 

In  fig.  17H  is  seen  a. tracing  taken  with  Kick's  Kymograph  from  an 
artery  of  a  dog. 

As  regards  I  he  aetnal  amount  of  blood  pressure,  from  observationa 
which  have  been  made  by  means  of  the  mercurial  manometer,  it  haa 
been  found  that  the  pressure  of  blood  in  the  carotid  of  a  rabbit  is  capa- 
ble of  supporting  a  column  of  2  to  3.5  inches  (50  to  90  mm.)  of  mercury, 
in  the  dog  4  to  7  inches  (lUO  to  175  mm.),  in  the  horse  6  to  8  inches 
(153  to  200  mm.),  and  in  man  the  pressure  is  estimated  to  be  about  the 
same. 

To  measure  the  absolute  amount  of  this  pressure  in  any  artery,  it  ii 
necesstiry  merely  to  multiply  the  area  of  its  transverse  section  by  the 
height  of  the  column  of  mercury  which  is  already  known  to  be  sup- 
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pofied  by  the  blood-pressure  in  any  part  of  the  arterial  system.     The 

w*eight  of  m  column  of  mercury  thus  fotitid  will  represent  the  pressure 

of  the  blood.     Calculated  in  this  way,  the  blood-preseure  in  the  human 

^mn^  is  equal  to  4  lbs.  4  ox,  avoirdupois;  that  in  the  aorta  of  the  horse 

^ing  11  lb.  9  02.;  and  that  in  the  radial  artery  at  the  human  wrist  only 

^in.    Supposing  the  muscular  power  of  the  rig'ht  ventricle  to  be  only 

oo^hatf  that  of  the  left,  the  hlood-preesiire  in  the  pulmonary  artery  will 

\»  only  2  IK  2  oz.  avoirdupoiB,     The  amounts  above  elated  represent  the 

tfterial  tension  to  the  time  of  the  ventricular  contraction. 


a.  Hollow  spring  filled 

is  AttnchtiHl  U>e  marker  t.  the  rod  c  paaae» 

ffero  reaiht&Dce  to  th«  nseilUitiori*  of  c\g, 

u'tth  MCDTAted  «ulplMit«  of  fn^\utu  NQlutioQ.  auil  to  apply  Hunt- 

itiod  from  po^Kiag  iolo  the  tutu*  h  &t  i,  lUe  eaiiula  inserted  into 

;  U  mkmcim*  marker,  vi  iwch  cad  be  applied  to  tht^moviiiit  fcurfacc  by  turniUK  the  screw  m; 
for  Adjitftiag  tbe  whole  apparatus  t^  th^  moving  surnice:  o,  acrew  for  dbvaUor  or  da»« 
^mrmck  and  pinion  movemeot  the  Kytiiogruph;  n,  acrew  for  adjusting  tbe  pcittfcioii  of 


-Fi(^*a  Kymogrmph,  improTod  by  HertDs  (after  MoKeudrIck). 

tcartDg  lerer  arrauir^jiietit  ft.  d,  c.  to  which  Is  attnchtiHl  U»e  marker  <►;  the  rod  c^  passes 

"'  '"  ^iigoastor  oil,  which  offers  reaiht&Dce  to  th«  nseilUitioris  of  (?;j^, 


Tlie  blood- pressure  is  greatest  in  the  left  ventricle  and  at  the  begin- 
ning of  the  aortii,  and  decreases  toward  tlie  ciipillaries«  It  is  greatest  in 
ifatt  uteriee  mi  the  period  of  the  ventricuhir  systole.  The  blood-pressure 
gnwlamllj  lessens  then  as  we  pro^'eed  from  the  arteries  ne^r  the  heart  to 
Ibme  more  remote,  and  again  from  these  to  the  capillaries,  and  thence 
Along  the  yeins  to  the  right  auricle.  The  blood-pressure  m  the 
I^Ciss  in  nowhere  very  great,  but  is  greatest  in  the  small  veins,  while  in 
Um  brge  ireins  toward  the  heart  the  pressure  becomes  nefpUive,  or,  in 
Other  wordj,  when  a  vein  is  put  in  connection  with  a  mercurial  man' 
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ometer  tlie  mercury  will  fall  in  the  urm  furthest  away  from  thefein  i 
will  rise  in  the  arm  nearest  the  vein,  the  action  being  that  uf  guctiuu 
rather  than  pressure  forward.  In  the  large  veins  of  the  neck  theteo- 
deuoy  to  Buck  in  air  18  e&pecitilly  marked,  and  is  the  canse  of  dtiath  in 
sonio  surgical  operations  in  thai  ri*gion.  The  amount  of  pressure  in  tbt 
brachial  vein  is  said  to  support  9  mm,  of  mercury,  whereas  the  preamit 
in  the  veins  of  the  neck  is  about  equal  to  a  negative  pressure  of  rathtr 
more  th:in  i  inch  or  —  about  A  to  |  inch  or  —  3  to  —  8  mm. 

The  variiiiions  of  venous  pressure  during  systole  and  diastole  of  t^, 
heart  are  very  slight,  and  a  distinct  pulse  is  never  seen  in  veins  exn 
under  extraonlinary  circunistiioees.  From  observations  upon  the  \i  i. 
of  the  frog*g  foot,  the  tongue  and  mesentery  of  the  frog,  the  tail*  of 
newts»  and  small  fishes  (Koy  and  Brown),  as  M^ell  as  upon  the  skin  of 
the  finger  behind  the  nail  (Kries).  by  careful  estimation  of  the  amooDt 
of  pressure  required  to  empty  the  vessels  of  blood  under  various  condi- 
tions, it  ajipoaris  that  the  blood-pressure  is  subject  to  variations  (a 
the  capillaries,  apparently  following  the  variations   of   that  of  ih 
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V\g.  178.— Nortnul  urtenal  tracitii;  obtainiid  with  Ficlt'Mkyrnogrtiphin  thedo^. 


arteries;  and  that  up  to  a  certain  point,  as  the  extravascular  pressure  is 
increased,  so  does  the  pulse  in  the  arterioles,  capillaries,  and  venules  Ije- 
come  more  and  more  evident.  The  pressure  in  the  first  case  (web  of 
the  frog*8  foot)  has  been  found  to  be  equal  to  about  i  to  ^  inch  or  Uto 
20  mm.  of  mercury;  in  other  experiments  to  he  equal  to  about  |  to  ^  of 
the  ordinary  arterial  pressure. 

The  arterial  blood -pressure  may  be  made  to  vary  by  variations  of 
either  of  the  two  chief  factors  upon  which  the  pressure  in  the  vessels 
depends,  viz.,  the  cardiac  contractions  and  the  peripheral  resistance. 
Thus,  increase  of  l)lood-pressure  may  be  brought  about  by  either  (a)  a 
more  frequent  or  more  forcible  action  of  the  heart,  or  (b)  by  increase  of 
the  peripheral  resistanee:  and  on  the  other  hand,  diminution  of  th« 
blood -pressure  may  bo  produced,  either  by  (a)  a  diminished  force  or  fre- 
quency of  the  contractions  of  the  heart,  or  hy  (b)  a  diminished  periphe- 
ral resistance.  These  different  factors,  however,  although  varying  con- 
stantly, are  so  combined  that  the  general  arterial  pressure  remains  fairly 
constant;  for  example,  the  heart  may,  by  increased  force  or  frequency 
of  its  contractions,  distinctly  increase  the  blood-pressure,  but  this  in- 
creased action  is  almost  certainly  followed  by  diminished  peripheral 
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listance^  and  thus  the  two  altered  conditions  may  balance^  with  the 
'SWnlt  of  bringing  back  the  blood-pressure  to  what  it  was  before  the 
lienrt  began  to  beat  more  rapidly  or  more  forcibly. 

It  will  be  clearly  seen  that  the  circulation  of  the  blood  within  the 
Uood-Tessels  must  depend  upon  the  diminution  of  the  pressure  from 
ike  heart  to  the  capillaries,  and  from  the  capillaries  to  the  veins,  the 
blood  flowing  in  the  direction  of  least  resistance;  we  sh«ill  presently  see 
farther  that  the  general  or  local  flow  also  depends  upon  the  relations 
between  the  heart's  action  and  the  peripheral  resistance,  general  or  local. 

The  Arterial  Flow. 

The  character  of  the  flow  of  blood  through  the  arterial  system  de- 
pends to  a  very  considerable  extent  upon  the  structure  of  the  arterial 
mills,  and  particularly  upon  the  elastic  tissue  which  is  so  highly  devel- 
oped in  them. 

The  elastic  tissue  first  of  all  guards  the  arteries  from  the  suddenly 
exerted  pressure  to  which  they  are  subjected  at  each  contraction  of  the 
▼eutriclies.  In  every  such  contraction  as  is  above  seen  the  contents  of 
the  ventricles  are  forced  into  the  arteries  more  quickly  than  they  can 
be  discharged  through  the  capillaries.  The  blood,  therefore,  being,  for 
an  instant,  resisted  in  its  onward  course,  a  part  of  the  force  with  which 
it  was  impelled  is  directed  agamst  the  sides  of  the  arteries;  under  this 
force  their  elastic  walls  dilate,  stretching  enough  to  receive  the  blood, 
and,  9S  they  stretch,  becoming  more  tense  and  more  resisting.  Thus, 
by  yielding  they  break  the  shock  of  the  force  impelling  the  blood.  On 
the  subsidence  of  the  pressure,  when  the  ventricles  cease  contracting, 
the  arteries  are  able,  by  the  same  elasticity,  to  resume  their  former  chH- 
bre;  the  elastic  tissue  also  equalizes  the  current  of  blood  by  maintaining 
pressure  on  it  in  the  arteries  during  the  period  at  which  the  ventricles 
are  at  rest  or  are  dilating.  If  the  arteries  were  rigid  tubes,  the  blood, 
instead  of  flowing,  as  it  does,  in  a  constant  stream,  would  be  propelled 
through  the  arterial  system  in  a  series  of  jerks  corresponding  to  tlie 
ventricular  contractions,  with  intervals  of  almost  complete  rest  during 
the  inaction  of  the  ventricles.  But  in  the  actual  condition  of  the  ves- 
sels, the  force  of  the  successive  contractions  of  the  ventricles  is  expended 
partly  in  the  direct  propulsion  of  the  blood,  and  partly  in  the  dilatation 
of  the  elastic  arteries;  and  in  the  intervals  between  the  contractions  of 
the  ventricles,  the  force  of  the  recoil  is  employed  in  continuing  the  on- 
ward flow.  Of  course  the  pressure  exercised  is  eqnally  diffused  in  every 
direction,  and  the  blood  tends  to  move  backward  as  well  as  onward;  all 
movement  backward,  however,  is  prevented  by  the  closure  of  the  semi- 
lunar valves,  which  takes  place  at  the  very  commencement  of  the  recoil 
of  the  arterial  walls. 
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Thus  by  the  exercise  of  the  elasticity  of  the  arteries,  all  the  force  ol 
the  ventricles  is  expended  upon  the  circulation;  for  that  part  of  tb 
force  which  is  used  up  or  rendered  potential  in  diLitiug  the  arteriei  ii 
restored  or  made  active  or  kinetic,  in  full  when  they  recoil.    There  is 
no  loss  of  force;  neither  is  there  any  gain,  for  the  elastic  walls  of  the 
artery  cannot  originate  any  force  for  the  propulsion  of  the  blood— thej 
only  restore  that  which  they  received  from  the  ventricles.     It  is  by  thi* 
equalizing  influence  of  the  successive  branches  of  every  artery  that  at 
length  the  intermittent  accelerations  produced  in  the  arterial  current 
by  the  action  of  the  heart,  cease  to  be  observable,  and  the  jetting  stream 
is  converted  into  the  continuous  and  equable  movement  of  the  blood 
which  we  see  in  the  capillaries  and  veins.     In  the  production  of  a  con- 
tinuous stream  of  blood  in  the  smaller  arteries  and  capillaries,  the  re- 
sistance which  is  offered  to  the  blood-stream  in  these  vessels  is  a  neces- 
sary agent.     Were  there  no  greater  obstacle  to  the  escape  of  blood  from 
the  larger  arteries  than  exists  to  its  entrance  into  them  from  the  heart, 
the  stream  would  be  intermittent,  notwithstanding  the  elasticity  of  walls 
of  the  arteries. 

By  means  of  the  elastic  and  muscular  tissue  in  their  walls  again  the 
arteries  are  enabled  to  dilate  and  contract  readily  in  correspondence 
with  any  temporary  increase  or  diminution  of  the  total  quantity  of 
blood  in  the  body;  and  within  a  certain  range  of  diminution  of  the 
quantity,  still  to  exercise  due  pressure  on  their  contents.  The  elastic 
tissue  further  assists  in  restoring  the  normal  channel  after  diminution 
of  its  calibre,  whether  this  has  been  caused  by  a  contraction  of  the  mus- 
cular coat,  or  by  the  temporary  application  of  a  compressing  force  from 
without.  This  action  is  well  shown  in  arteries  which,  having  contracted 
by  means  of  their  muscular  element,  after  death  regain  their  average 
potency  on  the  cessation  of  post-mortem  rigidity. 

The  office  of  the  muscular  coat  also  is  employed  to  adjust  the  flow 
of  the  blood  locally,  to  regulate  the  quantity  of  blood  to  be  received  by 
each  part  or  orgjui,  and  to  adjust  it  to  the  requirements  of  each,  accord- 
ing to  various  circumstances,  but,  chiefly,  according  to  the  activity  with 
which  the  functions  of  each  are  at  different  times  performed.  The 
amount  of  work  done  by  each  organ  of  the  body  taries  at  different  times, 
and  the  variations  often  quickly  succeed  each  other,  so  that,  as  in  the 
brain,  for  example,  during  sleep  and  waking,  within  the  same  hour  a 
part  may  be  now  very  active  and  then  inactive.  In  all  its  active  exer- 
cise of  function,  such  a  part  requires  a  larger  supply  of  blood  than  is 
sufficient  for  it  during  the  times  when  it  is  comparatively  inactive.  It 
is  evident  that  the  heart  cannot  regulate  the  supply  to  each  part  at  dif- 
ferent periods;  neither  could  this  be  regulated  by  any  general  and  uni- 
form contraction  of  the  arteries:  but  it  may  be  regulated  by  the  power 
which  the  arteries  of  each  part  have,  in  their  muscnlar  tissue^  of  con- 
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tncting  80  as  to  diminish,  and  of  passively  dilating  or  yielding  so  us  to 
permit  an  increase  of,  the  supply  of  blood,  according  to  the  requirements 
of  the  part  to  which  they  are  distributed.  And  thus,  while  the  yentri- 
des  of  the  heart  determine  the  total  quantity  of  blood,  to  be  sent  onward 
at  each  contraction,  and  the  force  of  its  propulsion,  and  while  the  large 
and  merely  elastic  arteries  distribute  it  and  equalize  its  stream,  the 
■mailer  arteries,  in  addition,  regulate  and  determine,  by  means  of  their 
muscular  tissue,  the  proportion  of  the  whole  quantity  of  blood  which 
ihall  be  distributed  to  each  part. 

This  regulating  function  of  the  arteries  is  governed  and  directed  by 
the  nervous  system  in  the  way  to  be  presently  described. 

The  muscular  element  of  the  middle  coat  also  co-operates  with  the 
elastic  in  adapting  the  calibre  of  the  vessels  to  the  quantity  of  blood 
which  they  contain.  For  the  amount  of  Huid  in  the  blood-vessels  varies 
very  considerably  even  from  hour  to  hour,  and  can  never  be  quite  con- 
stant; and  were  the  elastic  tissue  only  present  the  pressure  exercised 
by  the  walls  of  the  containing  vessels  on  the  contained  blood  would  be 
sometimes  very  small,  and  sometimes  inordinately  great.  The  presence 
of  a  muscular  element,  however,  provides  for  a  certain  uniformity  in  the 
amount  of  pressure  exercised;  and  it  is  by  this  adaptive,  uniform,  gen- 
tle, muscular  contraction,  that  the  normal  tone  of  the  blood-vessels  is 
maintained.  Deficiency  of  this  tone  is  the  cause  of  the  soft  and  yield- 
ing pulse,  and  its  unnatural  excess  of  the  hard  and  tense  one. 

The  elastic  and  muscular  contraction  of  an  artery  may  also  be  re- 
garded as  fulfilling  a  natural  purpose  when,  the  artery  being  cut,  it  first 
limits  and  then,  in  conjunction  with  tlie  coagulated  fibrin,  arrests  the 
escape  of  blood.  It  is  only  in  consequence  of  such  contraction  and  co- 
agulation that  we  are  free  from  danger  through  even  very  slight  wounds; 
for  it  is  only  when  the  artery  is  closed  that  the  processes  for  the  more 
permanent  and  secure  prevention  of  bleeding  are  established.  But  there 
appears  no  reason  for  supposing  that  the  muscular  coat  assists,  to  more 
than  a  very  small  degree,  in  propelling  the  onward  current  of  blood. 

The  Pulse. 

The  most  characteristic  feature,  then,  of  the  arterial  flow,  is  its  in- 
termittency,  and  this  intermittent  flow  is  seen  or  felt  as  the  Pulse. 

The  pulse  is  generally  described  as  an  expansion  of  the  artery  pro- 
duced by  the  wave  of  blood  set  in  motion  by  the  injection  of  blood  at 
each  ventricular  systole  into  the  already  full  aorta.  As  the  force  of  the 
left  ventricle,  however,  is  not  expended  in  dilating  the  aorta  only,  the 
wave  of  blood  passes  on,  expanding  the  arteries  as  it  goes,  running  as  it 
were  on  the  surface  of  the  more  slowly  travelling  blood  already  con- 
tained in  them,  and  producing  the  pulse  as  it  proceeds. 
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The  distention  of  each  artery  increaaea  Loth  its  length  and  it*  diam- 
eter. In  their  elongation,  the  arteries  change  their  form,  the  filnijght 
ones  becoming  slightly  curved,  and  those  already  curved  becoming  mm 
so;  but  they  recover  their  previous  form  as  well  as  their  diameter  whcB 
the  ventricular  contraction  ceases,  and  their  elastic  walls  recoil  Th« 
increase  of  their  curves  which  accompanies  the  distention  of  aneriei, 
and  the  succeeding  recoil,  may  he  well  seen  in  the  prominent  teniporaJ 
artery  of  an  old  person*  In  feeling  the  pulse,  the  finger  cannoi  distin- 
guieh  the  sensation  produced  hy  the  dilatation  from  that  produced  hy 
the  elongation  and  curving;  that  which  it  perceives  most  plainly,  how- 
over,  is  the  dilatation,  or  rcturn^more  or  less,  to  the  cylindrical  form,  of 
the  artery  which  has  been  partially  flattened  by  the  finger. 
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Fig,  IT*.— M^ney'8  gphygino^apli,  modiili?d  by  Mjiliomed. 

The  pulse — due  to  any  given  beat  of  the  heart*-ia  not  perceptible 
at  the  same  moraent  in  all  the  arteries  of  the  body.  Thus,  it  can  be 
felt  in  the  carotid  a  very  short  time  before  it  is  perceptible  in  the  radial 
artery,  and  in  this  vessel  again  before  it  occurs  in  the  dorsal  artery  of 
the  foot.  The  delay  in  the  beat  is  in  proportion  to  the  distance  of  the 
artery  from  the  heart,  but  the  difference  in  time  between  the  beat  of 
any  two  arteries  probably  never  exceeds  J  to  |  of  a  second. 

A  distinction  must  be  C4irefully  marie  between  the  passage  of  the 
wave  along  the  arteries  and  the  arterial  flow  itself.  Both  wave  and 
current  are  present;  but  the  rates  at  which  they  travel  are  very  different, 
that  of  the  wave  1C,5  to  33  feet  per  second  (5  to  10  metres),  being  twenty 
or  thirty  times  as  great  as  thut  of  the  current 

The  Sphygmograph.— Much  light  has  been  thrown  on  what  may 
be  called  the  form  of  the  pulse  wave  by  the  sphygmograph  (figs.  1T9 
and  183).  The  principle  on  which  it  acts  will  be  seen  on  reference  to 
figs. 

The  small  button  reph'/Ces  the  finger  in  the  act  of  taking  the  pulse^ 
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is  made  to  rest  lightly  on  the  artery,  the  pulsations  of  which  it  is 
daiired  to  investigate.  The  up-and-down  movement  of  the  button  is 
eommnnicated  to  the  lever,  to  the  hinder  end  of  which  is  attached  a 
dight  spring,  which  allows  the  lever  to  move  up,  at  the  same  time  that 


■rrTts 

Tig.  180.— Diagntin  of  the  lever  of  the  Sphygn^ograph. 

it  is  just  strong  enough  to  resist  its  making  any  sudden  jerk,  and  in  the 
intenrfkl  of  the  beats  also  to  assist  in  bringing  it  back  to  its  original 
position.     For  ordinary  purposes  the  instrument  is  bound  on  the  wrist 

(fig.  181). 

It  is  evident  that  the  beating  of  the  pulse  with  the  reaction  of  the 
spring  will  cause  an  up-and-down  movement  of  the  lever,  the  pen  of 
which  will  write  the  effect  on  a  smoked  card,  which  is  made  to  move  by 
dockwork  in  the  direction  of  the  arrow.  Thus  a  tracing  of  the  pulse 
18  obtained,  and  in  this  way  much  more  delicate  effects  can  be  seen  than 
can  be  felt  on  the  application  of  the  finger. 


Fig.  181.— The  Sphygmograph  applied  to  the  arm. 

Two  forms  of  sphygmograph  are  shown  in  figs.  179,  182,  viz. ,  a  modifica- 
tion of  the  original  instrument  of  Marey  and  Dudgeon's.  Marey's  instrument, 
and  indeed  all  modifications  of  it,  suffer  from  the  defect  that  there  is  no  a<le- 
qoate  method  of  measuring  the  pressure  exercised  by  the  button  of  the  instru- 
ment upon  the  artery,  and  that  it  is  difficult  to  be  certain  of  the  exact  position 
it  occupies  over  the  artery.  Dudgeon's  sphygmograph,  although  very  conven- 
ient to  nae,  is,  according  to  Roy  and  Adami,  even  less  satisfactory,  and  the 
tracings  obtained  by  it  are  so  disfigured  by  inertia  vibrations  as  to  render 
them  more  or  lees  worthless.  ''The  mechanical  construction  of  the  instrument 
is  such  as  to  render  great  inertia  vibrations  unavoidable.  ^    These  authors  have 

14 


The  principle  of  the  sphj^mometer  of  Roy  aod  Adami  la  shown  in  th^  dU' 
gnun  (%.  188). 

The  apparsHu  consistB  of  a  box  (n)  which  is  moulded  to  fit  over  the  eaid  of 
the  mdiofl  so  aa  to  bridge  ov^r  the  radial  artery.  Within  this  is  a  flexible  bt^ 
(6)  flUed  with  water,  and  comiected   by  a  T  tube  with  a  rubber  bag  (h)  and 
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FlfT.  18S.— Dtagrmmiiiatic  aectlooal  rppresentaUoo  of  tint  tphyjrmoinet^r  CRoj  mad  AdAmf).  a, 
BovfD  which  the  i«rtioo  of  tlie  artery  is  indoned;  6,  Uun-walled india-nibber  ban  flUc<d  with  w»tar, 
aod  coromunieAtlDK  through  l«p,  c,  with  oumometer  uid  thldC'-wjillfvJ  rubber  bair,  K;  d,  piaUmcoa- 
TKvtvd  by  rod.  ^,  wiUi  rpcordinR  lerer,  /\  g,  splrml  fprliif  attacibed  lo  axis  of  kver.  and  by  whJch 
Iho  pre«iur»  In  6,  air&lEtsi  the  ptoton,  d,  is  cotuiierbalanoed ;  lb,  ikin  and  subcutanoouH  tianie;  m,  end 
of  radius  mod  Id  Mctkni;  n,  radial  artery  seen  to  ii»ction. 


U^ ^ 


THE  CniCULATION   OF  THE   BLOOD. 


311 


rial   manometer.     Tlie  fluid   in   tJie  hoK  may  be  raised  to  any  desired 
sure,  and  m»y  then  be  shut  off  by  tap  (t*) .     At  the  up|>er  {Mirt  of  the  box  is 
[a  circular  opening,  and  resting  up*jn  (b)  is  a  flat  liutt*>n  (rf) ,  which  by  means 
fa  abort  light  rod{e)  communicates   the  movement  of  (t»)  to  the  lever  (/J,     To 
lazid  of  rotation  of  this  lever  in  a  spiral  wat<;h-Hpring  {g)  which  can  be  tight- 
at  will,  so  that  the  lever  can  t>e  made  to  take  a  vertical  ixjsition  at  any 
Ired  hydrostatic  pressure  within  the  Ik>x,     The  movements  of  the  lever  are 
arded  ii|k:>u  a  piece  of  blackenetl  gUzed  paper  made  to  move  in  a  vertical 
lirection  jjast  it.     When  in  ubc,  the  box  is  fixed  ujion  the  end  of  the  radius  Hy 
appropriate  holder,  and  the  pressure  is  raised  to  any  desired  hei|?ht  to  which 
he  lever  is  adapted  by  tightening  or  slackening  the  spring.     The  tap  (c)  is 
ittieii  dosed.     The  proasnre  within  the  box  acts  in  all  directions,  and  is  correctly 
ndicated  by  the  maDometer. 

The  tracing  of  the  pulse  (sphygmogram),  obtained  by  the  use  of 

[the  spbygmogniph.  differs  some  what  according  to  the  artery  upon  which 

It  is  applied,  but  ita  general  characters  are  much  the  same  in  all  cases. 

[t  oonsistfi  of :— A  sudden  upstroke  (fig,  1984,  a),  which  is  somewhat 
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Flf.  ]M»*DiacT«ni  of  imlM  tmctuR.    a,  Up-fltroke:  ji,  dowo-stroke:  c.  pre-dlierotic  wat«;  h,  di- 
crotic; s,  poet-dicrotlc  ware. 

higher  and  more  abrupt  in  the  pulse  of  the  carotid  and  of  other  arteries 
near  the  heart  than  in  the  nidial  and  other  arteries  more  remote;  and 
a  gradual  decline  (i*),  less  abrupt^  and  therefore  taking  a  longer  time 
than  (a).  It  is  seldom,  however,  that  the  decline  is  an  uninterrupted 
fall;  it  is  usually  marked  about  half-way  by  a  distinct  notch  (c)^  oalk'^d 
the  dtcroric  notch,  which  is  caused  by  a  second  more  or  less  marked 
accent  of  the  lever  at  that  point  by  a  second  wave  called  the  dicrotic 
fOam  (d);  not  unfrequently  (in  which  case  the  tracing  is  said  to  have  a 
double  apex)  there  is  also  soon  after  the  commencement  of  tlie  descent 
a  sh'ght  ascent  previous  to  the  dicrotic  notch:  this  is  called  the  /?n?- 
dicrotit  warn  (c),  and  in  addition  there  may  bo  one  or  more  slight  ascents 
after  the  dicrotic,  called  poHi-rficrufie  (e). 

The  explanation  of  these  tracings  presents  some  difficulties,  not^ 
however,  as  regards  the  two  primary  factors,  tiz.,  the  upstroke  and 
downstroke*  because  they  are  universiilly  taken  to  mean  the  sodden  in- 
jection of  blood  into  the  idready  full  arteries,  and  the  gradual  fall  of 
the  lever  signifying  the  recovery  of  the  arteries  by  their  recoil.    These 
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points  may  be  demonstnited  on  a  eystem  of  elastic  tubes,  with  a  sjiinge 
to  pump  in  water  at  regular  intervals,  just  as  well  as  on  the  mdii) 
artery,  or  on  the  ojore  complicated  system  of  tubes  in  which  the  heart, 
the  arteries,  the  capillaries  and  veins  are  represented,  which  is  kaowB 
as  an  arterial  schema.     If  we  pliioe  two  or  more  spbygniographs  ujwr; 


Tig,  Iftk— Dlasram  of  th^  fornuitJon  of  the  [Hii«^-tr»ciii(r 

dicrotic  »«ve.    ^MiiJ "'"' 


,  Ft  n 


A  ii\  e ;  B,  tiflai  w»n?;  c, 


iuch  a  system  of  tubes  at  inoreusing  distances  from  the  pump,  we  may 
demonstrate  first,  tluit  the  rise  of  the  lever  oommence^  earliest  in  that 
nearest  the  pump^  and  secondly,  that  it  is  higher  and  more  guUden, 
while  at  a  longer  distance  from  the  pump  the  wave  ia  less  marked,  and 
a  little  later.  80  in  the  arteries  of  the  body  the  wave  of  blood  gradu- 
ally  gets  less  and  less  as  we  approach  the  periphery  of  the  arterial  sys- 
tem, and  is  lost  in  the  capillaries,  according  to  Mahomed.     By  the 
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i1».  l»,-~AnAcPOtJc  pulse  from  a  cubg  uf  aortic  aiietjri»tn.  a.  Aoocrolic  wave  (or  percufisf^Q  waf»); 
B,  UdtLl  or  prv-dicTOtic  wave,  continueti  ri»<;  ||>  tenaiou  (or  Jjijcln-r  tida)  wav.*) 

sudden  injection  of  blood  two  distinct  wuves  are  produced,  which  are 
ciilled  the  fidal  and  pereus.^ion  waves.  The  tidal  wave  occurs  whenever 
fluid  is  injected  into  an  elastic  tube  (fig.  1S5,  b),  and  is  due  to  the  ex- 
pansion of  the  tube  and  its  more  gniduiil  collapse.  The  percussion  wave 
occurs  (fig,  185,  A)  when  the  impulse  imparted  to  the  fluid  is  more  sud- 
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den;  this  causes  an  abrupt  upstroke  of  the  lever^  which  then  falls  until 
it  is  again  caught  up  perhaps  by  the  tidal  wave  which  begins  at  the 
same  time  but  is  not  so  quick. 

In  this  way,  generally  speakings  the  apex  of  the  upstroke  is  double^ 
the  second  upstroke,  the  so-called  pre-dicrotic  elevation  of  the  lever, 
representing  the  tidal  wave.  The  double  apex  is  most  marked  in  trac- 
ings from  large  arteries,  especially  when  their  tone  is  deficient.  In 
tracings  from  arteries  of  medium  size,  e.g.,  the  radial,  on  the  other  hand, 
the  upstroke  is  usually  single.  In  this  case  the  percussion-impulse  is 
not  sufficiently  strong  to  jerk  up  the  lever  and  produce  an  effect  distinct 
from  that  of  the  tidal  wave  which  immediately  follows  it,  and  which 
continues  and  completes  the  distention.  In  cases  of  feeble  arterial  ten- 
sion, however,  the  percussion-impulse  may  be  traced  by  the  sphygmo- 
graph,  not  only  in  the  carotid  pulse,  but  also  to  a  less  extent  in  the 
radial. 

The  interruptions  in  the  down  stroke  are  called  the  catacrotic  waves, 
to  distinguish  them  from  an  interruption  in  the  upstroke,  called  the 
anacrotic  wave,  occasionally  met  with  in  cases  in  which  the  pre-dicrotic 
or  tidal  wave  is  higher  than  the  percussion  wave. 

There  is  considerable  difference  of  opinion  both  as  to  whether  the 
dicrotic  wave  is  present  in  health,  and  also  as  to  its  cause.  The  balance 
of  opinion,  however,  appears  to  be  in  favor  of  the  belief  that  the  dicrotic 
wave  to  a  greater  or  lesser  degree  is  present  in  health ;  in  certain  condi- 
tions not  necessarily  diseased,  it  becomes  so  marked  as  to  be  quite  plain 
to  the  unaided  finger.  Such  a  pulse  is  called  dicrotic.  Sometimes  the 
dicrotic  rise  exceeds  the  initial  upstroke,  and  the  pulse  is  then  called 
hyper-dicrotic. 

As  to  the  cause  of  dicrotism,  one  opinion  (1)  is  that  it  is  due  to  a 
recovery  of  pressure  during  the  elastic  recoil,  in  consequence  of  a  rebound 
from  the  periphery.  It  may  indeed  be  produced  on  a  schema  by  ob- 
structing the  tube  at  a  little  distance  beyond  the  spot  where  the  sphyg- 
mograph  is  placed.  Against  this  view,  however,  is  the  fact  that  the 
notch  appears  at  about  the  same  point  in  the  dowustroke  in  tracings 
from  the  carotid  as  from  the  nidial,  and  not  first  in  the  radial  tracing, 
as  it  should  do,  if  this  theory  was  correct,  since  that  artery  is  nearer  the 
periphery  than  the  carotid,  and  as  it  does  in  the  corresponding  experi- 
ment with  the  arterial  schema  when  the  tube  is  obstructed.  (2)  The 
generally  accepted  notion  among  clinicjil  observers,  is  that  the  dicrotic 
wave  is  due  to  the  rebound  from  the  aortic  valves  which  causes  a  second 
wave;  but  the  question  cannot  be  considered  settled,  and  the  presence 
of  marked  dicrotism  in  cases  of  hemorrhage,  of  anaemia  and  of  other 
weakening  conditions,  as  well  as  in  cases  of  diminished  pressure  within 
the  arteries,  would  imply  that  it  may,  at  any  rate  sometimes,  be  due  to 
the  altered  speoific  gravity  of  the  blood  within  the  vessels,  either  directly 
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or  through  the  indirect  effect  of  the^e  couditions  on  the  tone  of  the 

arterial  walls. 

Waves  may  be  produced  in  any  elaatic  in  be  when  a  flaid  is  heiag 

driTen  through  it  with  an  intermittent  force,  such  waves  being  called 

waves  of  oscill alio n  (M.  Foster),  Their  origin  has  received  various  ex- 
planations. In  an  arterial  schema  thej 
%"iir>'  with  the  specific  gravity  of  tiie 
Huid  used,  and  with  the  kind  of  tub- 
ing,  and  maybe  therefore  supposed  to 
vary  in  the  body  with  the  conditioD  of 
the  blood  and  of  the  arteries. 

Some  consider  the  secondary  waves 
in  the  downstroke  of  a  normal  tracing 
to  be  oscillation  waves;  but,  as  just 
mentioned,  even  if  this  be  the  ca«e,  jw 
is  most  likely  with  post-dicrotic  wares, 
the  dicrotic  wave  itself  is  almost  cer- 
tainly due  to  the  rebound  from  the 
aortic  valves. 

The  anacrotic  notch  is  usually  as- 
Bociated  with  disease  of  the  arteries. 
cj/.,  in  atheroma  and  aneurism.  The 
dicrotic  notch  is  called  diastolic  or 
aortic,  and  in  point  of  time  indicates 
the  closure  of  the  aortic  valves. 

Of  the  three  main  parts  then  of  a 
puke-trucing,  viz.,  the  percussion  wave; 
the  tidal,  and  the  dicrotic,  the  perca»- 
sion  wave  is  produced  by  sudden  and 
forcible  contraction  of  the  heart,  per- 
haps exaggerated  by  an  excited  action, 
and  may  be  transmitted  much  more 
rapidly  tlian  the  tidal  wave,  and  so  the 
two  may  be  distinct;  frequently,  how- 
ever, they  are  inseparable.  The  di- 
crotic wave  may  be  as  great  or  greater 
than  the  other  two. 
According  to  Mahomed,  the  distinctness  of  the  three  waves  depends 

upon  the  following  conditions:— 

The  j}ervu^.sum  wave  is  increased  byt^ — L  Forcible  contraction  of  the 

Heart;  2.  Sudden  contraction  of  the  Heart;  3,   Large  volume  of  blood; 

4.  Fulness  of  vessel;  and  diminished  by  the  reversed  conditions. 

The  tidal  trat^e  is  increased  by: — ^1.  Slow  and  prolonged  contraction 

of  the  Heart;  3.  Large  volume  of  blood;  3.  Comparative  emptiness  of 


Fi^.  1K7.  —  Diairrftms  of  fniLse  curves 
wfth  ejcft^irt'rrttion  of  or^e  or  other  of  the 
tJire*  wavfs.  A,  jwrcujtiiioii;  B,  tidal;  (', 
dicnutic,  1.  P^n.'u*«il»io  wavelvtTy  mrirkejl; 
S.  tidal. wfi%'e sudden;  3.  dicrotic imlsecurve; 
4  ttnd  r>.  the  tidft]  wttve  vpry  exa^gt?rat4»d, 
from  high  tensJoD      (Mahomed  ) 
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dls;  4.  Diminished  outflow  or  slow  capillary  circulation;  and  dimin- 
ithed  by  the  reverse  conditions. 

The  dicrotic  wave  is  increased  by : — 1.  Sudden  contraction  of  the 
HMurt;  2.  Lfow  blood  pressure;  3.  Increased  outflow  or  rapid  capillary 
eiiealation;  4.  Elasticity  of  the  aorta;  5.  Relaxation  of  muscular  coat; 
and  diminished  by  the  reversed  conditions. 

In  the  use  of  the  sphygmograph  care  must  be  taken  as  to  the  careful 
regulation  of  the  pressure.  If  the  pressure  be  too  great,  the  characters 
of  the  pulse  may  be  almost  entirely  obscured,  or  the  artery  may  be 
entirely  obstructed,  and  no  tracing  is  obtained;  and  on  the  other  hand. 


rif.  MS.— A,  NomuU  pulM-tnciiig  from  radial  of  healthy  adult,  obtained  by  the  sphygmometer. 
B,  Firom  aiine  arterj,  with  the  same  extra-arterial  pressure,  taken  dunng  acute  Daaal  catarrh. 

if  the  pressure  be  too  slight,  a  very  small  part  of  the  characters  may  be 
represented  on  the  tracing. 

It  is  necessary  to  mention  that  Roy  and  Adami,  by  comparison  of  tracings 
of  intra- ventricular  pressiure  with  pulse- tracings  obtained  by  the  sphygmometer, 
baTe  come  to  the  foUowing  conclusions,  differing  from  Mahomed  (whose  de- 
•cripticm  has  been  chiefly  followed  in  the  text)  in  several  particulars.  The 
pulse  tracing  obtained  from  the  radial  of  a  healthy  man  is  represented  in  the 
diagram  (fig.  188),  in  which  the  different  parts  of  the  tracings  are  marked  out. 

These  may  be  thus  described : — 

(1)  UjptfroJbe,  which  may  vary  both  in  rapidity  and  in  height ;  the  height 
varies  with  the  volume  of  blood  expelled  at  each  systole,  with  the  amount  of 
peripheral  resistance,  and  with  the  degree  of  rigidity  of  the  arterial  walls ;  the  ra- 
pidity depends  upon  the  rapidity  of  the  outflow  from  heart.  (2)  The  second  part, 
usoaUj  called  the  percussion  wave,  is  believed  by  these  authors  to  be  due  to 
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the  contractioD  of  the  papiliarj  muscles,  and  i»  hence  called  by  them  papiflori 
Wiit^  and  corresponds  with  the  distance  l>etw*eeQ  the  top  of  th«*  upetfokuand 
pre  dicn>tic  notch  (3  in  tig.  188) .  (3)  The  outflow-reinainder  wavtr  or  ^ 
or  pre-dicrotic  wave  (2  to  3) .  During  tliia  wave  the  outflow  from  the  Tcntnob  1 
ends.  (4)  The  dicrotic  notdi,  due  to  the  inertia  of  the  blood.  {5)  The  pc«c. 
dicrotic  wave,  ako  due  to  inertia.  (G)  Tlie  rounded  shoulder,  which  lies  be- 
tween the  po8t-dicrotic  wave  and  the  lowest  point  of  Uie  tracing.  (7)  In  tncv 
ings  taken  near  the  heart,  a  small  uoteh  and  short  poifitit^  tcave,  corre^fModiai 
in  time  with  the  commencement  of  the  ventricular  sy8t4jle> 


The  Capillary  Flow, 

It.  is  in  the  capillaries^  that  the  ehief  resistance  is  offered  to  the  prog' 
resB  t>f  the  blood;  for  in  them  the  friction  of  the  blood  is  greatlj  m. 


lan^wi? 


m' 


Fig,  199.— CaplllftrteB  <0.)  hi  tht^  web  of  the  (rofs'fi^  toot  coimfcUnfi;  a  ^miftll  artery  (A)  vilh  i 
siimll  vfin  V  (after  AltRfi  Thr>rasoi>>, 


creased  by  the  enormona  multiplicjition  of  the  surface  with  which  it  ij 
brought  in  contact. 

Wlien  the  cupillary  circulation  is  examined  in  any  transparent  purt 
of  a  full-grown  living  animal  by  means  of  the  microscope  (tig.  189),  the 
blood  is  seen  to  flow  with  a  constant  equable  motion;  the  red  blood- 
corpuacles  moving  along,  mostly  in  single  file,  and  bending  in  varions 
ways  to  accommodate  tli  em  selves  to  the  tortuous  course  of  the  capillary, 
but  instantly  recovering  their  normal  outline  on  reaching  a  wider  veeeeL 

At  the  circumference  of  the  stream  in  the  larger  capillariee,  but 
sepecially  well  marked  in  the  small  arteries  and  veins^  in  contact  with 
the  walls  of  the  vessel,  and  adhering  to  them,  there  is  a  layer  of  liqaor 
sanguinis  which  appears  to  be  motionless^  The  existence  of  this  still 
layeFj  as  it  is  termed,  is  inferred  both  from  the  general  fact  that  such 
an  one  exists  in  all  fine  tubes  traversed  by  fluid,  and  from  what  can  be 
seen  in  watching  the  movements  of  the  blood -corpuscles.  The  red 
corpuscles  occupy  the  middle  of  the  stream  and  move  with  comparative 
rapidity;  the  colorless  corpuscles  run  much  more  slowly  by  the  walls  of 
the  vessel ;  while  next  to  the  wall  there  is  often  a  transparent  space  in 
wiiicli  the  fluid  appears  to  be  at  rest;  for  if  any  of  the  corpuscles  hap- 
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to  be  forced  within  it,  they  move  more  slowly  thnn  before,  rolling 
ly  mlotig  the  side  of  the  vessel,  and  often  adhering  to  its  wall.  Part 
of  this  slow  moTeroent  of  the  colorless  corpuscles  and  their  occasional 
iCoppai^e  mnj  be  dae  to  their  having  a  nntund  tendeTicy  to  adhere  to 
ibe  w«Us  of  the  vessels.  Sometimes^  indeed,  when  the  motion  of  the 
Mood  is  not  strong,  mziuy  of  the  white  corpuscles  collect  in  a  capillary 
v«BMi,  mnd  for  a  time  entirely  prevent  the  passage  of  the  red  corpuscles. 
When  the  peripheral  reststiince  is  greatly  diminished  by  the  dilata- 
tioii  of  the  suiaI]  arteries  and  e^ipillaries,  so  much  blood  passes  on  from 
the  arteries  into  the  capillaries  at  each  stroke  of  the 
heart,  that  there  is  not  saffieient  remaining  in  the 
arteries  to  distend  them.  Thus,  the  intermittent 
current  of  the  ventricular  systole  is  not  converted 
into  a  continuous  stre^im  by  the  elasticity  of  the 
arteries  before  the  ciipillaneB  are  reached;  and  so  in- 
termittency  of  the  tlow  occurs  both  in  capillaries 
and  veins  and  a  pulse  is  produced.  The  same  phe- 
nomenon may  occur  when  the  arteries  become  rigid 
from  disease,  and  when  the  bt*at  of  the  heart  is  so 
alow  or  so  feeble  that  the  blood  at  each  cardiac  sys- 
tole has  time  to  pass  on  to  the  capillaries  before  the 
next  stroke  occurs;  the  amount  of  blood  sent  at  each 
stroke  being  insufficient  to  properly  distend  the 
elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence 
of  any  transudation  from  the  interior  of  the  capil- 
laries into  the  midst  of  the  surrounding  tissues  was 
confined,  in  the  absence  of  injury,  strictly  to  the 
fluid  part  of  tlie  blood;  in  other  words,  that  the 
corpuscles  could  not  escape  from  the  circulating 
stream,  unless  the  wall  of  the  containing  blood-vessel 
TOptured.  It  is  true  that  an  English  physiologist,  Augustus  Waller, 
aArnic^l,  in  184G;that  he  had  seen  blood-corpuscles,  both  red  and  white, 
pea  bodily  through  the  wall  of  the  capillary  vessel  in  which  they  were 
contained  (thus  confirming  what  had  been  stated  a  short  time  previously 
by  Addison);  and  that,  as  no  opening  could  be  seen  before  their  escape, 
■o  uontJ  oould  be  observed  afterward— so  rapidly  was  the  part  healed. 
But  llM»e  obmrvations  did  not  attract  much  notice  until  the  [»henome* 
Don  of  escape  of  the  blood -corpuscles  from  the  capillaries  aud  miimte 
TttHK  apart  from  mechanical  injury,  were  re-discovered  by  Cohnheim 
in  ldi7. 

Cobnbeim^s  experiment  demonstrating  the  passage  of  the  corpuscles 
throo^h  the  wall  of  the  blood-vesael  is  performed  in  the  following  man* 
A  frog  b  urariied,  that  is  to  say,  paralysis  is  produced  by  ejecting 
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under  the  skin  a  minute  quantity  of  the  poison  called  urari;  and  the 
abdomen  having  been  opened,  a  portion  of  small  intestine  is  drawn  out, 
and  its  transparent  mesentery  spread  out  under  a  microscope.  After 
a  variable  time,  occupied  by  dilatation,  following  contraction  of  the 
minute  vessels  and  accompanying  quickening  of  the  blood-stream,  there 
ensues  a  retardation  of  the  current,  and  blood-corpuscles,  both  red  asd 
white,  begin  to  make  their  way  through  the  capillaries  and  small  veio& 

The  process  of  diapedesis  of  the  red  corpuscles,  which  occurs  under 
circumstances  of  impeded  venous  circulation,  and  consequently  increased 
blood-pressure,  resembles  closely  the  migration  of  the  leucocytes,  with 
the  exception  that  they  are  squeezed  through  the  wall  of  the  vessel,  and 
do  not,  like  them,  work  their  way  through  by  amoeboid  movement. 

Various  explanations  of  these  remarkable  phenomena  have  been 
suggested.  Some  believe  that  pseud o-stomata  between  contiguous  endo- 
thelial cells  provide  the  means  of  escape  for  the  blood -corpuscles.  Bat 
the  chief  share  in  the  process  is  probably  to  be  found  in  the  vital  en- 
dowments with  respect  to  mobility  and  contraction  of  the  parts  con- 
cerned— both  of  the  corpuscles  and  of  the  capillary  wall  itself. 

The  circulation  through  the  capillaries  must,  of  necessity,  be  largelj 
influenced  by  that  which  occurs  in  the  vessels  on  either  side  of  them— 
in  the  arteries  or  the  veins;  their  intermediate  position  causing  them  to 
feel  at  once,  so  to  speak,  any  alteration  in  the  size  or  rate  of  the  arterial 
or  venous  blood-stream.  Thus,  the  apparent  contraction  of  the  capilla- 
ries, on  the  application  of  certain  irritating  substances,  and  during  fear, 
and  their  dilatation  in  blushing  may  be  referred  primarily  to  the  action 
of  the  small  arteries.  But  however  greatly  the  capillaries  may  be  in- 
fluenced by  the  arterial  and  venous  flow,  and  by  the  condition  of  the 
parts  which  surround  and  support  them,  they,  too,  must  be  looked  upon 
not  as  mere  passive  channels  for  the  passage  of  blood,  but  as  possessing 
endowments  of  their  own  relation  to  the  circulation.  The  capillary 
wall  is  actively  living  and  contractile;  and  there  is  no  reason  to  doubt 
that,  as  such,  it  must  have  some  influence  in  connection  with  the  blood- 
current. 

The  Venous  Flow. 

The  blood-current  in  the  veins  is  maintained  (a)  primarily  by  the  vis 
a  tergo  of  the  contraction  of  the  left  ventricle;  but  very  effectual  assist- 
ance to  the  flow  is  afforded  (b)  by  th  action  of  the  muscles  capable  of 
pressing  on  the  veins  with  valves,  as  well  as  (c)  by  the  suction  action  of 
the  heart. 

The  effect  of  muscular  pressure  upon  the  circulation  may  be  thuB 
explained.  When  pressure  is  applied  to  any  part  of  a  vein,  and  the 
current  of  blood  in  it  is  obstructed,  the  portion  behind  the  seat  of  pres- 
BUT^'^  becomes  swollen  and  distended  as  far  back  as  the  next  pair  of 
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m,  which  are  in  consequence  closed.  Thus,  whatever  force  is  exor- 
by  the  pressure  of  the  muscles  on  the  veins,  is  distributed  partly 
^P  presBing  the  blood  onward  in  the  proper  course  of  the  circulation, 
^■nd  iMurtly  in  pressing  it  backward  and  closing  the  valves  behind. 

The  circulation  might  lose  as  much  as  it  gains  by  such  an  action,  if 
0k  were  not  for  the  numerous  communications,  one  with  another;  for 
^i^Cbroogh  these,  the  closing  up  of  the  venous  channel  by  the  backward 
r^jjfnisare  is  prevented  from  being  any  serious  hindrance  to  the  circula- 
_5Boii,  since  the  blood,  of  which  the  onward  course  is  arrested  by  the 
^^slosed  valves,  can  at  once  pass  through  some  anastomosing  channel,  and 
J_yrDceed  on  its  way  by  another  vein.  Thus,  therefore,  the  effect  of  mus- 
"^  enlar  pressure  upon  veins  which  have  valves,  is  turned  almost  entirely 
J^  to  the  advantage  of  the  circulation;  the  pressure  of  the  blood  onward 
~  k  all  advantageous,  and  the  pressure  of  the  blood  backward  is  prevented 
~^  horn,  being  a  hindrance  by  the  closure  of  the  valves  and  the  anastomoses 
_  of  the  veins. 

In  the  web  of  the  bat's  wing,  the  veins  are  furnished  with  valves, 
mnd  possess  the  remarkable  property  of  rhythmical  contraction  and 
dilatation,  whereby  the  current  of  blood  within  them  is  distinctly  accel- 
erated. The  contraction  occurs,  on  an  average,  about  ten  times  in  a 
siinute;  the  existence  of  valves  preventing  regurgitation,  the  entire 
effect  of  the  contractions  was  auxiliary  to  the  onward  current  Of  blood. 
Analogous  phenomena  have  been  observed  in  other  animals. 

The  Velocity  of  the  Flovir. 

The  velocity  of  the  blood-current  at  any  given  point  in  the  various 
divisions  of  the  circulatory  system  is  inversely  proportional  to  their  sec- 
tional area  at  that  point.  If  the  sectional  area  of  all  the  branches  of  a 
f essel  united  were  always  the  same  as  that  of  the  vessel  from  which  they 
vise,  and  if  the  aggregate  sectional  area  of  the  capillary  vessels  were 
equal  to  that  of  the  aorta,  the  mean  rapidity  of  the  blood's  motion  in  the 
capillaries  would  be  the  same  as  in  the  aorta;  and  if  a  similar  corre- 
ipondence  of  capacity  existed  in  the  veins  and  arteries,  there  would  be 
in  equal  correspondence  in  the  rapidity  of  the  circulation  in  them.  But 
the  arterial  and  venous  systems  may  be  represented  by  two  truncated 
cones  with  their  apices  directed  toward  the  heart;  the  area  of  their 
united  base  (the  sectional  area  of  the  capillaries)  being  400—800  times 
as  great  as  that  of  the  truncated  apex  representing  the  aorta.  Thus 
the  velocity  of  blood  in  the  capillaries  is  not  more  than  ^^  of  that  in 
the  aorta. 

In  the  Arteries. — The  velocity  of  the  stream  of  blood  is  greater  in 
the  arteries  than  in  any  other  part  of  the  circulatory  system,  and  in  them 
it  is  greatest  in  the  neighborhood  of  the  heart,  and  during  the  ventricu- 
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lar  systole.  The  rate  of  moTement  diminishes  during  the  diastole  at 
the  veDtricIes,  and  in  the  parts  of  the  arterial  system  most  distant  fsm. 
the  heart.  Chauveau  has  estimated  the  rapidity  of  the  blood -stream  m 
the  carotid  of  the  horse  at  over  20  inches  per  second  daring  the  heufi 
systole^  and  nearly  6  inches  daring  the  diastole  (520-150  mm.). 

Estimation  of  the  Velocity.— Various  instmmentB  have  been  devised  fo 
mefluring  the  velocity  of  the  blood -stream  in  the  arteries.  Ludwig's  StromMkr 
(fiK.  Idl)  consists  of  a  U-shaped  glass  tube  dilated  at  a  and  a\  the  ends  d 
which,  h  and  t.  are  of  known  calibre.  The  bulbs  can  be  filled  by  a  comnMB 
opening  at  k.  The  instrument  is  so  contrived  that  at  b  and  h'  the  glass  put  ii 
firmly  fixed  into  metal  cylinders,  attached  to  a  circu- 
lar horizontal  table,  c  &,  capable  of  horizontal  mo^ 
ment  on  a  similar  table  d  d  about  the  vertical  axii 
marked  in  figure  by  a  dotted  line.  The  opening  incc, 
when  the  instrument  is  in  position,  as  in  fig.,  oar- 
res]ionds  exactly  with  those  in  d  cT ;    but  if  c  c  be 
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FiflT.  193. 


Fij?.  101.— Ludwig's  Stromnhr. 

FiK.  lO**'.— DiaKraiii  of  Cliauveau's  lOHtniment.  a.  Brass  tube  for  introdiiction  into  the  lumen d 
the  artery,  and  <.*«)utuiiiiiiK  an  index  needle,  which  passes  through  the  elastic  membrane  in  its  side, 
and  n)<)V(*8  by  the  impulse  of  the  blood-current,    c.  Graduated  scak^,  for  meamiring  the  ezt»ta( 

the  oiKMllutioiiH  of  the  needle. 


lunied  at  right  angles  to  its  present  position,  there  is  no  commimication  be- 
tween //  and  a,  and  i  and  a',  but  h  communicates  directly  with  i ;  and  if 
tiirnod  through  two  right  angles  c  communicates  with  d,  and  c  with  rf ,  and 
tliere  is  no  dinn't  communication  between  h  and  t.  The  experiment  is  per- 
formed in  tlie  following  way  : — The  artery  to  be  experimented  upon  is  divided 
aiul  ronne<*t<Hl  witli  two  canulse  and  tubes  which  fit  it  accurately  with  h  and 
1 — h  the  central  end,  and  i  the  peripheral ;  the  bulb  a  is  fiUed  with  olive  oil  up 
tx)  a  |K>int  rather  lower  than  k,  and  a  and  the  remainder  of  a  is  filled  with 
clefibrinat^Hl  bhKxi ;  the  tube  on  k  is  then  carefully  clamped :  the  tubes  d  and 
d  art*  also  tilled  with  defibrinated  blood.  When  everjrthing  is  ready,  the  blood 
is  allowtni  to  tlow  intt^  a  through  h,  and  it  pushes  before  it  the  oil,  and  that 
the  defibrinated  blood  into  the  arter}^  through  i,  and  replaces  it  in  a' ;  when  the 
blood  reaches  the  former  level  of  the  oil  in  a',  the  disc  c  c'  is  turned  rapidly 
through  two  right  angles,  and  the  blood  flowing  through  d  into  a'  again  dii-^ 


THE  CIRCULATION   OP  THE   BLOOD, 


221 


oil  which  is  driven  into  a,     This  is  repeated  Bereral  times,  and  the 
of  Ihe  experimeDt  noted.     Tl^e  capacity  of  a  and  ti'  is  known  ;  the 
ai  tlie  Aiteiy  is  als<»  known  by  its  corresponding  with  ihe  cantila^  of 
dismeler,  and  as  the  number  of  time®  a  has  been  HlJed  in  a  given  time 
u  known^  the  Telocity  of  the  current  can  l>e  calculate<l. 

CbaoTf^a'a  instrument,  fig^  192,  consists  of  a  thin  brass  titbe,  a  in  one  side 
if  wfUeii  li«  small  perforation  ctosed  by  thin  vuicanizcKl  india  rubber.     Pass- 
ogli  tfae  rubber  is  a  fine  lever*  one  end  of  which,  slightly  flattened* 
Into  Ihe  lumen  of  the  tube*  while  the  other  move»  ovnr  the  face  of  u 
The  lube  is  inserted  into  the  interior  of  an  artery,  and  ligatiircR  a|)pliod  to 
Iml  the  movement  of  the  bhx>d  may.  in  flowing  through  the  tube,  be 
by  the  movement  of  the  outer  extremity"  of  the  lever  on  the  face  of 

TW  Bifmatockometer  of  Vierordt»  and  the  instrument  of  LorU^t,  resemble  in 
phaciple  Ibftl  of  Chauveau. 

\lmike  Capiiinries, ^^The  observation  of  Hjiles*  E,  IT,  Weber,  and  Val- 
imgree  very  closely  as  to  the  rate  of  the  bbwil-current  in  the  C4ipi!- 
K)l  the  frog;  and  the  mean  of  their  estimates  gives  the  velocity  of 
if^Miemir  capillary  circulation  at  about  one  inch  (25  mm*)  per  min- 
The  velocity  in  the  capillaries  of  warm-blooded  animals  is  greater, 
h  tlie  dog  ,V  ^  jin  i^^^  (-^  ^^  -'^^  mm.)  a  second.  This  may  seem 
Ibsoiiistent  with  the  facts,  which  show  that  the  whole  circulation  is 
rWMpKsbed  in  about  half  a  minute.  But  the  whole  length  of  capillary 
through  whicli  any  given  portion  of  blood  has  to  pass,  probably 
A»f  Del  exceed  from  ^th  to  /,i,th  of  an  inch  (.5  mm.);  and  therefore 
I  lime  required  for  each  quantity  of  blood  to  tmverscitsownappointod 
of  the  general  capillary  system  will  scarcely  amount  to  a  second. 
fin  ihf  n't  ;i^.— The  velocity  of  the  blood  is  greaiter  in  the  veins  thjtn 
beoipiUaries,  but  less  tbau  in  the  arteries:  this  fact  depending  upon 
tte  relitiive  capitoities  of  the  arterial  and  venous  systems^  If  an  accurate 
Mttnaie  of  the  proportionate  areas  of  arteries  and  the  veins  correspond- 
iag  lo  them  could  be  made,  we  might,  from  the  velocity  of  tlie  arterial 
mximitf  calculate  that  of  the  venous*  A  usual  estimate  is,  that  the  ca* 
{•jfiitjr  of  the  veins  h  about  twice  or  three  times  as  great  as  that  of  the 
srterict,  and  that  the  velocity  of  the  blood's  motion  is,  therefore,  about 
Vmitm  or  three  tiniea  as  great  in  the  arteries  as  in  the  veins,  8  inches 
(too  mRL)  a  second.  The  rate  at  which  the  blood  moves  in  the  veins 
fradoally  increases  the  nearer  it  ajiprouches  the  heart,  for  the  sectional 
artM  of  the  venous  trunks,  compared  with  that  of  the  bninehes  opening 
into  them,  becomes  gnulually  less  as  the  trunks  advance  toward  the  heart. 

tOf  ik0  Circulation  rw  a  lilioh.—lt  would  appear  that  a  portion  of 
ftd  am  tniTerse  the  entire  course  of  the  circulation,  in  the  horse,  in 
(a  minute.  Of  course  it  would  require  longer  to  traverse  the  vessels 
tbe  inOil  distant  part  of  the  extremities  than  to  go  through  those  of 
neck;  htil  taking  an  average  length  of  vessels  to  be  traversed^  and 
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assumingt  as  we  may,  that  the  moTement  of  blood  in  the  human  subject 
IB  not  slower  than  in  the  horee,  it  may  be  concluded  that  half  a  minatt 
represents  the  average  rate. 

Satisfactory  data  for  these  estimates  are  afforded  by  the  resalti  of 
experiments  to  ascertain  the  rapidity  with  which  poisons  introduced  into 
the  blood  are  transmitted  from  one  part  of  the  vascnlar  system  to  in. 
other.  The  time  required  for  the  passage  of  a  solution  of  poiaBsino 
ferrocyauide,  mixed  with  the  blood,  from  one  jugular  vein  (through  tlie 
right  side  of  the  heart,  the  pulmonary  vessels,  the  left  cavities  of  the 
heart,  and  the  general  circulation)  to  the  jugular  vein  of  the  opposite 
side,  varies  from  twenty  to  thirty  seconds.  The  same  substance  wn 
transmitted  from  the  jugular  vein  to  the  great  saphena  in  twenty  se^ 
onds;  from  the  jugular  vein  to  the  masseteric  artery  in  between  fifteen 
and  thirty  seconds;  to  the  facial  artery,  in  one  experiment,  in  letween 
ten  and  fifteen  seconds;  in  another  experiment  in  between  twenty  and 
twenty-five  seconds;  in  its  transit  from  the  jugular  vein  to  the  metatar- 
sal artery,  it  occupied  between  twenty  and  thirty  seconds,  and  in  one 
instance  more  than  forty  seconds.  The  result  was  nearly  the  same 
whatever  was  the  rate  of  the  heart's  action. 

In  all  these  experiments,  it  is  assumed  that  the  substance  injectfi 
moves  with  the  blood,  and  at  the  same  rate,  and  does  not  move  from 
one  part  of  the  organs  of  circulation  tj  another  by  diffusing  itself 
through  the  blood  or  tissues  more  quickly  than  the  blood  moves.  The 
assumption  is  sufficiently  probable  to  be  considered  nearly  certain,  that 
the  times  above  mentioned,  as  occupied  in  the  passage  of  the  injected 
substances,  are  those  in  wliich  the  portion  of  blood,  into  which  eacli 
was  injected,  wascjirried  from  one  part  to  another  of  the  vascular  system. 

Another  mode  of  estimating  the  general  velocity  of  the  circulating 
blood,  is  by  calculating  it  from  the  quantity  of  blood  supposed  to  be 
contained  in  the  body,  and  from  the  quantity  which  can  pass  through 
the  heart  in  each  of  its  actions.  But  the  conclusions  arrived  at  by  this 
method  are  less  satisfactory.  For  the  total  quantity  of  blood,  and  the 
capacity  of  the  cavities  of  the  heart,  have  as  yet  been  only  approximatelj 
ascertjiined.  Still  the  most  careful  of  the  estimates  thus  made  accord 
very  nearly  with  those  already  mentioned;  and  it  may  be  assumed  that 
the  blood  may  all  pass  through  the  heart  in  from  twenty-five  to  fifty 
seconds. 

Local  Peculiarities  of  the  Circulation. 

The  most  remarkable  peculiarities  attending  the  circulation  of  blood 
through  different  organs  are  observed  in  the  cases  of  the  brainy  iheerec- 
tile  organs,  the  lungs,  the  liver,  and  the  kidneys. 

In  the  Brain, — For  the  due  performance  of  its  functions  the  brain 
requires  a  large  supply  of  blood.     This  object  is  effected  through  the 
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K  lumber  tiid  site  of  its  iirteries,  the  two  internal  carotida,  and  the  two 
fVftebiuls.  It  18  further  necessary  that  the  force  with  which  this  blood 
iiieat  to  the  brain  should  be  less,  or  at  least  should  he  subject  to  less 
▼uimtion  from  external  circunigtances  than  it  is  in  other  parts,  and  so 
Ibe  hiTge  arteries  are  very  tortuous  and  anastomose  freely  in  the  circle 
of  Willig,  which  thus  insures  that  the  supply  of  blood  to  the  brain  is 
unifurtn,  though  it  may  by  an  accident  he  diniinisbefL  or  in  gome  way 
ciomged,  through  one  or  more  of  the  principal  arteries.  The  transit  of 
the  imtge  Arteries  through  bone,  especially  the  carotid  canal  of  the  tem- 
ponl  bone,  may  prevent  any  undue  distention;  and  iiniforniity  of  sup- 
phr  is  further  insured  by  the  arrangement  of  tlje  vegsels  in  the  pia 
aiftlifr>  in  which,  previous  to  their  distribution  lo  the  gubstance  of  the 
brmiliy  the  large  arteries  break  up  and  divide  into  inuumerahk^  raiiiute 
brsiiche«  ending  in  capillaries,  which^  after  frequent  comruunication 
witb  anc  another,  enter  the  brain,  and  carry  into  nearly  every  part  of  it 
nnlfonn  and  equable  streams  of  blood.  The  arteries  are  also  enveloped 
in  m  special  lymphatic  sheath.  The  arningoment  of  the  veins  within 
the  efantum  is  also  peculiar.  The  large  venous  trunks  or  sinuses  are 
formed  so  as  to  be  scarcely  capable  of  change  of  sisse;  and  composed, 
as  Ihey  are,  of  the  tough  tissue  of  the  dura  mater,  and,  in  some  instances 
bounded  on  one  side  by  the  bony  cranium,  they  are  not  compressible  by 
aay^orce  which  the  fulness  of  the  arteries  might  exercise  through  the 
inbatanoe  of  the  brain;  nor  do  they  admit  of  tlistention  when  the  flow 
of  TenoQs  blood  from  the  brain  is  obstructed, 

Tbe  general  uniformity  in  the  supply  of  blood  to  the  brain,  which 
ia  Ibaa  secured,  is  well  adapted,  not  only  to  its  functions,  but  also  to  its 
rendition  as  a  mass  of  nearly  incompressible  substance  placed  in  a  cav- 
ity with  unyielding  walls.  These  conditions  of  the  brain  and  skull  for- 
merly appeared,  indeed^  enough  to  justify  the  opinion  that  the  quantity 
of  bloo«l  in  the  bniin  must  be  at  all  times  the  same*  But  it  was  found 
Ibat  in  animals  bled  to  deaths  without  any  aperture  being  made  in  the 
eraniam^  the  brain  became  pale  and  anaemic  like  other  parts.  And  in 
dfialb  from  strangling  or  drowning,  there  was  congestion  of  the  cerebral 
flMilp;  while  in  death  by  prussic  acid,  the  quantity  of  blood  in  the 
Oifitjr  of  the  cranium  was  determined  by  the  position  in  which  the  ani- 
■tal  waa  placed  after  death,  the  cerebral  vessels  being  congested  when 
tbe  aninml  was  suspended  with  its  head  downward^  and  comparatively 
cmplj  when  the  animal  waa  kept  suspended  by  the  ears.  Thus,  it  was 
eaodDfled,  although  the  total  volume  of  the  contents  of  the  cranium  is 
Iif«ibablj  nearly  always  the  same,  yet  the  quantity  of  blood  in  it  is  liable 
to  Tmrtation,  its  increase  or  diminution  being  accompanied  by  a  simul- 
tanec^Qs  diminution  or  increase  in  the  quantity  of  the  cerebro-spinal 
Said,  which,  by  readily  admitting  of  being  removed  from  one  part  of 
the  brain  and  spinal  cord  to  another,  and  of  being  rajddly  absorbed^  and 
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as  readily  effused,  would  serve  as  a  kind  of  supplemental  fluid  to  the 
other  contents  of  the  cranium,  to  keep  it  uniformly  filled  in  esse  of 
variations  in  their  quantity.  And  there  can  be  no  doubt  that,  although 
the  arrangements  of  the  blood-vessels,  to  which  reference  has  been  nude, 
insure  to  the  brain  an  amount  of  blood  which  is  tolerably  uniform,  yet, 
inasmuch  as  with  every  beat  of  the  heart  and  every  act  of  respiration 
and  under  many  other  circumstances,  the  quantity  of  blood  in  the  ca?- 
ity  of  the  cranium  is  constantly  varying,  it  is  plain  that,  were  there 
not  provision  made  for  the  possible  displacement  of  some  of  the  contenti 
of  the  unyielding  bony  case  in  which  the  brain  is  contained,  there  would 
be  often  alternations  of  excessive  pressure  with  insnfllicient  supply  of 
blood. 

Chemical  Composition  of  Cerebro-spincU  Fluid. — ^The  cerebro-spinal  fluid  is 
traDsparent,  colorless,  not  viscid,  with  a  saline  taste  and  alkaline  reaction,  and 
is  not  affected  by  heat  or  acids.  It  contains  981-964  parts  water,  sodium 
chloride,  traces  of  potassium  chloride,  of  sulphates,  carbonates,  alkaline  and 
earthy  phosphates,  minute  traces  of  urea,  sugar,  sodium  lactate,  fatty  matter, 
cholesterin,  and  albiuuen  (Flint). 

Iti  Erectile  Structures, — The  instances  of  greatest  variation  in  the 
quantity  of  blood  contained,  at  different  times,  in  the  same  organs,  are 
found  in  certain  structures  which,  under  ordinary  circumstances,  are 
soft  and  flaccid,  but,  at  certain  times,  receive  an  unusually  large  quan- 
tity of  blood,  become  distended  and  swollen  by  it,  and  pass  into  the  state 
which  has  been  termed  erection.  Such  structures  are  the  corpora  caver- 
nosa  and  corpus  spongiosum  of  the  penis  in  the  male,  and  the  clitoris  in 
the  female;  and,  to  a  less  degree,  the  nipple  of  the  mammary  gland  in 
both  sexes.  The  corpus  cavemosum  penis,  which  is  the  best  example 
of  an  erectile  structure,  has  an  external  fibrous  membrane  or  sheath;  and 
from  the  inner  surface  of  the  latter  are  prolonged  numerous  fine  lamelte 
which  divide  its  cavity  into  small  compartments  looking  like  cells  when 
they  are  inflated.  Within  these  is  situated  the  plexns  of  veins  upon 
which  the  peculiar  erectile  property  of  the  organ  mainly  depends.  It 
consists  of  short  veins  which  very  closely  interlace  and  anastomose  with 
each  other  in  all  directions,  and  admit  of  great  variations  of  size,  col- 
lapsing in  the  passive  state  of  the  organ,  but,  for  erection,  capable  of  an 
amount  of  dilatation  which  exceeds  beyond  comparison  that  of  the 
arteries  and  veins  which  convey  the  blood  to  and  from  them.  The 
strong  fibrous  tissue  lying  in  the  intervals  of  the  venous  plexuses,  and 
the  external  fibrous  membrane  or  sheath  with  which  it  is  connected, 
limit  the  distention  of  the  vessels,  and,  during  the  state  of  erection,  give 
to  the  penis  its  condition  of  tension  and  firmness.  The  same  general 
condition  of  vessels  exists  in  the  corpus  spongiosum  urethrae,  but  around 
the  urethra  the  fibrous  tissue  is  much  weaker  than  around  the  body  of 
the  penis,  and  around  the  glans  there  is  none.     The  venous  blood  is 


rame<l  from  the  plexuses  by  comparatively  Bmall  veins;  those  from 
the  glans  and  the  fore  part  of  the  urethra  empty  theraselves  into  the 
dorsal  veins  of  the  penis;  those  from  the  cavernosum  pass  into  deeper 
Teins  which  issue  from  the  corpora  cavernosa  at  the  crura  penis;  and 
those  from  the  rest  of  the  urethra  and  bulb  pass  more  directly  into  the 
plexus  of  the  veins  about  the  prostate.  For  all  these  veins  one  condi- 
tion is  the  same;  namely,  that  they  are  liable  to  the  pressure  of  muscles 
when  they  leave  the  penis*  The  muscles  chiefly  concerned  in  this  action 
mre  the  erector  penis  and  accelerator  urin^»  Erection  results  from  the 
distention  of  the  venous  plexuses  with  blood.  The  principal  exciting 
CS1186  in  the  erection  of  the  penia  is  nervous  irritation,  originating  in 
the  part  itself,  or  derived  from  the  bruin  and  spinal  cord.  The  nervous 
inflaence  is  communicated  to  the  penis  by  the  pudic  ners^es,  which  ram- 
ify in  its  vascular  tissue;  and  after  their  division  in  the  horse  the  penis 
is  no  longer  capable  of  erection. 

This  influx  of  the  blood  is  the  first  condition  necessary  for  erection, 
and  through  it  alone  much  enlargement  and  turgescence  of  the  penis 
may  ensue*  But  the  erection  is  probably  not  complete,  nor  maintained 
for  any  time  except  when,  together  with  this  influx^  the  muscles  already 
mentioned  contmct,  and,  by  compressing  tlie  veins,  stop  the  efflux  of 
blood,  or  prevent  it  from  being  as  great  as  the  influx. 

It  appears  to  be  only  the  most  perfect  kind  of  erection  that  needs 
the  help  of  muscles  to  compress  the  veins;  and  nonesuch  can  materially 
assist  the  erection  of  the  nipples,  or  that  amount  of  turgescence,  just 
falling  short  of  erection,  of  which  the  spleen  and  many  other  parts  are 
capable.  For  such  turgescence  nothing  more  seems  necessary  than  a 
large  plexiform  arrangement  of  tlie  veins,  and  such  arteries  as  may  ad- 
mit, upon  occasion,  augmented  quantities  of  blood. 

7^  circulation  in  the  Lungs,  Litmr,  and  Kidmi/»  will  be  described 
under  their  respective  heads. 

The  Regulation  of  the  Blood-Flow. 

The  flow  of  blood  is  not  always  the  same,  but  varies: — 

(a,)  With  alterations  in  the  force  and  frequency  of  the  contractions 

of  the  heart;  and 
(b,)  With  variations  of  the  peripheral  resistance. 

It  is  obvious  that  the  flow  of  blood  may  be  increased  under  the 
following  circumstances: — 

I  (a.)  If  the  force  and  frequency  of  the  heart's  beats  be  increased,  and 

I  the  peripheral  resistance  he  (1)  unchanged,  or  be  (2)  diminished, 

I  (b.)  If  the  force  and  frequency  of  the  heart  be  unchanged,  and  the 

^H^  peripheral  resistance  be  diminished. 

h 


I 
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And  may  on  the  other  hand  be  diminished: — 

(c.)  If  the  force  and  frequency  of  the  heart's  beats  be  diminished, 
and  if  the  peripheral  resistance  be  (1)  unchanged,  or  be  (2)  m- 
creased. 

(d.)  If  the  force  and  frequency  of  the  heart's  beats  be  unchanged, 
and  the  peripheral  resistance  be  increased. 

When  the  force  and  frequency  of  the  heart's  contractions  are  in- 
creased and  at  the  same  time  the  peripheral'  resistance  is  increased,  the 
flow  may  be  increased,  diminished,  or  unchanged,  according  as  either  of 
the  two  factors,  one  of  which  tends  to  increase  the  flow,  and  the  other 
to  diminish  it,  is  more  markedly  increased,  or  if  they  are  balanced.  The 
complemental  proposition  is  also  true,  that  the  flow  may  be  increased, 
diminished,  or  unchanged,  when  the  force  and  frequency  of  the  heart's 
contnictions  are  diminished,  and  the  peripheral  resistance  is  diminishei 

The  conditions  of  increased  flow  and  of  increase  of  blood  pressure 
are  not  the  same.  Indeed,  the  greatest  blood-flow  may  occur  when  the 
blood  pressure  is  low,  i.e,,  when  the  peripheral  resistance  is  diminished 
and  the  hearths  beat  is  increased  or  is  unchanged.  In  fact  there  is  only 
one  condition  in  which  increased  blood-flow  is  accompanied  by  increased 
blood-pressure,  viz.,  when  the  heart's  beat  is  increased  and  the  periphe- 
ral resistance  is  unchanged. 

It  will  be  necessary  now  to  consider  (a)  the  ways  in  which  theforct 
and  frequemy  of  the  hearths  heats  are  regulated  ;  and  also  (b)  the  ways  in 
which  the  peripheral  resistance  is  increased  or  diminished.  We  shaD 
afterward  be  in  a  better  position  to  discuss  the  variations  of  blood- 
pressure  produced  by  different  combinations  of  cardiac  and  arterial 
alterations. 

(a,)  The  force  and  frequency  of  the  contractions  of  the  heart 
may  be  considered  to  depend  upon : 

1.  The  properties  and  condition  of  the  heart-muscle  itself; 

2.  The  influence  of  the  central  nervous  system; 

3.  The  amount  of  the  blood  passing  into  the  heart's  cavities ; 

4.  The  amount  of  pressure  to  be  overcome. 
Each  of  these  factors  must  be  considered  seriatim. 

1.  The  properties  of  the  heart-muscle. — It  has  already  been  pointed 
out  that  in  structure  the  muscular  fibres  of  the  heart  differ  from  skele- 
tal muscle  on  the  one  hand,  and  from  unstriped  muscle  on  the  other, 
occupying,  as  it  were,  an  intermediate  position  between  the  two  vari- 
eties. The  heart-muscle,  however,  possesses  a  property  which  is  not 
possessed  by  either  skeletal  or  unstriped  muscle,  namely,  the  property 
of  rhythmical  contractility.  The  property  of  rhythmic  contraction 
is  shown  by  the  action  of  the  heart  within  the  body;  its  systole  is  fol- 
lowed by  its  diastole  in  regular  sequence  throughout  the  life  of  the 


idiTiduaK  The  force  and  frequenej  of  thesyetole  may  vary  from  time 
time  as  occasion  requires,  but  there  is  no  interruption  to  the  action 
the  normal  heart,  or  any  interference  with  its  rhythmical  contrac- 

tioDB.     Further,  we  find  that  in  an  animal  rapidly  hied  to  death,  the  heart 

.continues  to  heat  for  a  time,  varying  in  duration  with  the  kind  of  ani- 
nal  eiperimontally  dealt  with,  and  in  the  entire  absence  of  blood  within 

Jtbe  beart-chamhers;  and  still  further,  if  the  heart  of  an  animal  be  re- 
moved from  the  body,  it  still,  for  a  varying  time,  continues  its  alternate 
fstolic  and  diastolic   movementB.     Thus  we  see   that   the  power  of 

Irhythmic  contraction  depends  neither  upon  connection  with  the  central 


Fl^,  IfiS. 
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r       fte.  19B.— The  heart  of  ft  frojf  ( Ratia  psculenta)  from  th«  front.     F,  Veutricle;  Ad,  rlBht  auricle; 
J#,  Wt  ftoriele;  B,  bulb«u  mteno-^ws,  cllvi<Uii*c  iuu*  rlplit  and  left  aorta*.    (EcktT.) 

Fig".  193  a.— The  heart  of  a  frop  <lRantt  i*w,HiIeutA)  fmiii  the  back.  *.  r..  Hinua  venostift  npened  ; 
c  «.  «,.  left  reoa  car*  tupeiior;  c  a,  d.,  riKfat  veTia  cava  sutK^dor;  c.  i.^  v^rta  cava  loferior  ;  v,  p.» 
veB» fiuliiiioaAlM;  A.d.,  r^iit  aurk^le;  .•!.«.,  left  auricle;  A. p.,  opening ot  coDQniuQic&lioa  beiween  the 
riflil  Minele  and  ibe  lioiu  Teuosiui,    x  2^-    (l^lcer. ) 


uenrons  system,  nor  yet  upon  the  stimulation  prodnced  by  the  presence 
of  blood  within  its  chambers— it  is  automatic.  The  cause  of  tliis 
rhythmic  power  has  been  the  eubject  of  much  discuBsion  and  experi- 
mental observation.  Up  to  a  comparatively  short  time  ago,  the  remark- 
able property  of  the  heart  to  continue  its  rhythmical  contractions  after 
removal  from  the  body  was  believed  to  be  connected  in  some  way  or 
other  with  the  presence  of  collections  of  nerve  cells,  or  ganglia  in  sev- 
eral parts  of  its  tissue.  Although  this  idea,  as  we  shall  presently  see,  has 
now  been  almost  universally  given  up,  it  may  be  as  well  to  describe 
shortly  these  ganglia  in  this  place;  they  have  been  studied  more  partic- 
ularly in  the  heart  of  the  frog^  of  the  tortoise,  and  of  other  cold-blooded 
anifnals. 
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In  the  fro^*f  heart  (fig.  193)  the«e  gmzxglU  consist  of   three  cl 
groQpa    The  firet  group  is  sitiiat^  in  the  wall  of  the  sin  as  reaosuE  m 
the  jtmction  of  the  sintis  with  the  auricles  {Renmfs);  the  second  group 
is  placed  near  the  junction  hetween  the  auricles  and  irentricle  {Bidd^'*); 
and  the  third  in  the  septum  hetween  the  auricles  (r.  Bezold*^), 

ITie  nerve  cells  of  which  these  ganglia  arc  composed  are  genersD? 
unipolar,  and  seldom  bipolar;  sometimes  two  cells  are  said  to  exist  in 
the  same  euTelope,  constituting  the  twin  cells  of  DogieL  The  celJi 
are  large,  and  have  yery  large  round  nuclei  and  nucleoli  (fig.  195). 
Ganglion  cellg  haTe  not  been  found  in  the  rentricle  of  the  frog's 
heart  below  the  auriculu-ventricular  groore. 

As  regards  the  automatic  moTementi 
of  the  heart  remored  from  the  bodr  onr 
chief  knowledge  has  been  derired  frtFin 
the  study  of  the  hearts  of  the  frog  md 
tortoise. 


C    ^ 
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F\z.  194  -  Couna  of  th*  xuerrpf^  fti  the  Aiirf«uUr  partitlmi  w^l  of  the  he«rt  of  m.  tro^.    d.  Docstt 
ach;  V.  ventral  i 


hrnQch ;  r.  ventral  branoli.     CEcker.  i 

Fi*r,  196.— Isolated  marwe^tihi  from  the  frog'*  heart.    I.  UniAl  form.    II.  Twin  cell.    C,  O 
N,  nueleua;  N',  titicleotus:  P.  proeem     CFrom  Ecker.) 

If  removed  from  the  body  entire,  the  frog's  heart  will  continue  tt> 
beat  for  many  hours  and  even  days,  and  the  be^t  has  no  apparent  difffr- 
once  from  the  beat  of  the  heart  before  removal;  it  will  take  place,  as  w« 
have  mentioned,  without  the  presence  of  blood  or  other  fluid  within  iU 
chamberB,  Not  only  i«  this  the  case,  hut  the  auricles  and  ventricle  msj 
be  cut  off  from  the  sinuB,  and  both  parts  continue  to  pulsate,  and  fur- 
ther the  auricles  may  be  divided  from  the  ventricle  with  the  same  result 
If  the  heart  bo  divided  lengthwise,  its  parts  will  continue  to  pulsate 
rhythmically,  and  the  auricles  may  be  cut  up  into  pieces,  and  the  pieces 
will  continue  their  movements  of  rhythmical  contraction. 

It  will  be  thus  seen  that  the  rhythmical  movements  appear  to  be 
more  marked  in  the  parts  supplied  by  the  ganglia,  as  the  apical  portion 
of  the  ventricle,  in  which  ganglia  have  not  been  found,  doe^  not>  under 
ordinary  circumstances,  possess  the  power  of  automatic  movement 

It  has,  however,  been  shown  by  Gaskell  that  the  extreme  apex  of  the 
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'entricle  of  the  heart  of  the  tortoise,  which  contains  no  gangliji,  may 
under  apfjropmte  stimuli  be  made  to  contract  rhythmically.  This 
proves  that  the  muscular  tiasue  of  the  heart  itself  is  capable  of  rhyth- 
mical coutmction  independent  of  the  ganglia.  Thus  it  seems  probable 
that  the  rhythmic  contractility  of  the  heart  is  a  power  inherent  in  the 
mascalar  tissue,  which  is  quite  independent  as  far  as  its  commencement, 
at  any  rate,  is  concerned  of  nerve  influence. 

The  heart-muscle  exhibits  another  property  which  distinguishes  it 
from  ordinary  skeletal  muscle,  viz.,  the  way  in  which  it  reacts  to  stimuli. 
The  latter  as  will  be  described  at  greater  length  in  its  appropriate  place, 
reacts  slightly  to  a  slight  stimulus  above  the  minimal,  and  with  an  in- 
croase  of  the  strength  of  the  stimuli  will  give  increasingly  ample  con- 
iractions  until  the  maximum  contmction  is  reached;  in  the  case  of  the 
heart- beats  this  is  not  so,  since  the  minimum  ^timnius  which  has  any 
ffftct  is  foUowed  by  the  maximum  cmttraiiicm;  in  other  words  the  weak- 
est effectual  stimulus  brings  out  as  great  a  beat  as  the  strongest.  There 
18  another  great  difference  between  the  contraction  of  the  heart  and  of 
muscle,  viz.,  the  inaMity  of  the  former  (o  enter  into  a  state  it/ 
under  the  influence  of  atinmli  repeated  very  rapidly.  If  the 
heart  be  stimulated  by  a  series  of  rapid  interrupted  induction  shocks, 
there  is  no  summation  of  the  contractions,  as  there  w^ould  be  supposing 
an  ordinary  skeletal  muscle  were  etimulated  in  the  siirae  way.  This 
phenomenon  is  said  to  be  due  to  the  following  fact,  viz.,  that  in  order  to 
produce  an  extra  contraction  of  the  excised  frog's  heart,  the  stimulus 
must  be  applied  during  diastole  or  period  of  rest  or  relaxatioi^,  and  in 
that  case  the  next  contraction  happens  at  an  earlier  period  than  if  the 
stimulus  were  not  applied.  If  applied  during  the  systole,  the  stimulus 
has  scarcely  any  effect  j  the  period  during  which  the  muscle  is  refractory 
to  stimuli  is  much  longer  in  the  case  of  the  heart  than  in  the  case  of 
other  muscles.  In  order  to  prod  nee  a  tetanus  in  skeletal  muscle,  the 
ieooud  stimulus  must  be  sent  into  the  muscle  before  it  has  had  time  to 
recover  from  the  effect  of  the  first  stimulus  and  relax,  and  so  on  with 
the  third,  fourth,  and  other  stimuli.  If,  as  we  may  suppose,  the  same 
oonditions  for  the  production  of  tetanus  are  necessary  in  heart-muscle, 
the  reasons  of  the  impossibility  of  producing  tetaims,  i.(\  that  a  stim- 
ulus applied  during  contraction  is  ineffectual,  are  sufficiently  obvious. 
It  appears,  however,  that  if  the  stimuli  are  sufficiently  strong  and  rap- 
idly repeated,  the  refractory  period  during  which  the  muscle  is  prac- 
tically insensible  to  stimuli  diminishes,  and  a  very  rapid  repetition  of 
the  beats  occurs,  which  may  even  develop  the  appearance  of  an  incom- 
plete, but  never  of  complete  tetanus. 

In  connection  with  the  rhythmic  contraction  of  muscle,  it  is  neces- 
sary to  allude  briefly  to  what  is  known  as  Stannius'  experiment 
ThiB  experiment  consisted  originally  of  applying  a  tight  ligature  to  the 


* 


■    laiB  expenmeni  consisteu  ongmaliy  ox  applying  a  tignt  ligature  to  lue  , 
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heart  between  the  sin  as  and  the  auricles,  the  effect  of  which  is  to^top 
the  beat  of  the  heart  below  the  ligature,  while  the  sinus  and  the  Teins 
leading  into  it  continue  to  beat.  If  a  second  ligature  be  applied  at  the 
junction  of  the  auricles  and  ventricle,  the  ventricle  may  begin  to  bett 
slowly,  while  the  auricles  continue  quiescent.  In  both  cases  the  quies- 
cent parts  of  the  heart  may  be  made  to  give  single  contractions  in 
response  to  mechanical  stimulation.  A  considerable  amount  of  discussion 
has  arisen  as  to  the  explanation  of  these  phenomena.  It  was  suggested 
that  the  action  of  the  ligature  is  to  stimulate  some  inhibitory  nenrona 
mechanism  in  the  sinus,  whereby  the  auricles  and  ventricle  can  no 
longer  continue  to  contract,  but  this  suggestion  most  certainly  be  given 
up  if  the  present  theory  as  to  the  functions  of  the  nerve  ganglia  be  cor- 
rect. It  may  be  that  the  effect  of  Stannius'  ligature  is  simply  an  exam- 
ple of  what  has  been  called  by  Oaskell  blocking.  The  explanation  of 
this  term  is  as  follows: — it  appears  that  under  normal  conditions  the 
wave  of  contraction  in  the  heart  starts  at  the  sinus  and  travels  down- 
ward over  the  auricles  to  the  ventricle,  the  irritability  of  the  muscle 
and  the  power  of  rhythmic  contractility  being  greatest  in  the  sinus,  less 
in  the  auricles  and  still  less  in  the  ventricle,  while  under  ordinary  con- 
ditions the  apical  portion  of  the  ventricle  exhibits  very  slight  irritability 
and  still  less  power  of  spontaneous  contraction.  Thus  it  may  be  sup- 
posed that  the  wave  of  contraction  beginning  at  the  sinus  is  more  or 
less  blocked  by  a  ring  of  muscle  of  lower  irritability  at  its  junction  with 
the  auricles,  and  again  the  wave  in  the  auricles  is  similarly  delayed  in 
its  passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability,  and  thus 
the  wave  of  contraction  starting  at  the  sinus  is  broken  as  it  were  both 
at  the  auricles  and  at  the  ventricle.  By  an  arrangement  of  ligatures,  or 
better,  of  a  system  of  clamps,  one  part  of  the  heart  may  be  isolated  from 
the  other  portion,  and  the  contraction  when  stimulated  by  an  induction 
shock  may  be  made  to  stop  in  the  portion  of  the  heart-muscle  in  which 
it  begins.  It  is  not  unlikely  that  the  contraction  of  one  portion  of  the 
heart  acts  as  a  stimulus  to  the  next  portion,  and  that  the  sinus  contrac- 
tion generally  begins  first,  since  the  sinus  is  the  most  irritable  to  stimuli, 
and  possesses  the  power  of  rhythmic  contractility  to  the  most  highly 
developed  degree.  It  must  not  be  thought,  however,  that  the  wave  of 
contraction  is  incapable  of  passing  over  the  heart  in  any  other  direction 
than  from  the  sinus  downward ;  it  has  been  shown  that  by  application 
of  appropriate  stimuli  at  appropriate  instants,  the  natural  sequence  of 
beats  may  be  reversed,  and  the  contraction  starting  at  the  arterial  part 
of  the  ventricle  may  pass  upward  to  the  auricles  and  then  to  the  sinus 
in  order. 

An  exceedingly  interesting  fact  with  regard  to  the  passage  of  the 
wave  in  any  direction  has  been  made  out  by  partial  division  of  the  mus- 
cular fibres  at  any  point,  whereby  one  part  of  the  wall  of  the  heart  is 
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ooanecied  with  the  other  parts  by  a  small  portion  of  undivided 

mscnlar  tissue,  and  the  wave  of  con  true  tion  then  being  only  able  to 

to  the  next  portion  of  the  wall  every  second  or  third  beat.     Thus 

liTiflion  of  the  muscle  has  much  tlie  same  effect  as  partinl  clamping  it 

the  same  position^  or  of  a  ligature  similarly  applied,  hut  not  tied 

bghtly.     It  may,  therefore,  be  suggested  that  Stannius*  ligature  acts  as 

partial  or  complete  block,  and  prevents  the  etimnlus  of  the  sinus-beat 

>m  passing  further  down  the  heart,  but  that  the  parts  below  the  liga- 

ire  may  be  made  to  contract  by  stimuli  applied  to  them  directly. 

ilearly  all  the  information  to  be  obtained  as  to  the  phenomena  of  the 

[)D traction  of  heart-muscle  apart   from   the  rhythmic  action   of  the 

Kurgan  itself,  may  be  obtained  from  a  heart  to  which  a  Stannius*  ligature 

been  applied;  indeed,  the  effect  of  minimal  stimnli,  the  effect  of 

tpidly  repeated  shocks,  and  the  refractory  period  of  heart-muscle  may 

all  be  studied  from  a  heart  in  this  condition. 

The  velocity  of  the  wave  of  contraction  in  frog*8  heart*mu8cle  has 

en  shown  to  he  f  to  }  ineh,  or  10-15  cm.  a  second. 

In  pointing  out  the  differences  between  the  phenomena  of  contmc- 

jMon  io  skeletal  and  heart-muscle,  the  similarities  between  the  two  are 

Bot  to  be  overlooked;  thus  it  has  been  shown  that  the  effect  of  cold^ 

beat,  fatigue,  and  other  influences  have  very  much  the  same  effect  in 

I  both  cases, 
j  2*  The  influence  of  the  central  nervous  system. 
The  heart  is  capable  of  automatic  rhythmic  movement,  as  has  been 
blearly  shown  by  its  behavior  when  removed  from  the  body,  and  it  has 
peen  shown  further  that  there  is  re^ison  for  believing  that  the  power 
resides  in  the  inherent  property  of  its  muscle  fibres  themselves.  While 
in  the  body,  however,  the  heart's  heats  are  under  control  of  the  central 
nervous  system.  To  thia  nervous  control,  we  must  next  direct  our  at- 
tention. The  influence  which  is  exerted  by  the  central  nervous  system 
appears  to  be  of  two  kinds,  Orstly,  in  the  direction  of  shwiufj  vr  in  taint* 

•ing  ths  beatsy  and  secondly,  in  the  directum  ff  accehratintj  or  augment- 
ing thn  tteatif.  The  influence  of  the  first  kind  is  brought  to  bear  upon 
the  heart  through  the  fibres  of  the  vagi  nerves,  and  that  of  the  secoud 
kind  through  the  sympathetic  fibres* 

InAuence  of  the  Vagi.— It  has  long  been  known,  indeed  over  since 
the  experiments  of  the  Bros.  Weber  in  1845,  that  stimulation  of  one  or 
both  vagi  produces  slowing  of  the  beats  of  the  heart.  It  has  since  been 
shown  in  all  of  the  vertebrate  animals  experimented  with,  that  this  is 
the  normal  action  of  vagus  stimulation.  Moreover,  section  of  one  nerve, 
or  at  any  rate  of  both  vagi,  produces  acceleration  of  the  pulse,  and  stim- 
ulation of  the  distal  or  peripheral  end  of  the  divided  nerve  produces 
normally  slowing  or  stopping  of  the  heart's  heats. 

It  appears  that  any  kind  of  stimulus  produces  the  same  effect,  either 


K       It  appe 


2n 


HANDBOOK   OF   PHYSIOLOGY. 


chemical^  mechanical,  eleetricul,  or  thermal^  but  that  of  thea€  th^moit , 
potent  m  a  rapidly  interrupted  induction  current.     A  certain  amomit  of 
confusion  has  arisen  afl  to  the  effect  of  Tagas  Btimnlatton  in  oofiie- 

quence  of  the  fact  that  within  the  trunk  of  the  nerve  is  contained,  in 
some  animals,  fibres  of  the  sympathetic,  and  it  depends  to  some  extent 
upon  the  exact  position  of  the  application  of  the  stimulus,  as  to  the 
exact  effect  produced.  Speaking  generally,  however,  excitation  of  aaj 
part  of  the  trunk  of  the  vagus  produces  inhibition,  the  stimulus  being 
particularly  potent  if  applied  to  the  termination  of  the  Tagi  in  the 
heart  itself,  where  they  enter  the  substance  of  the  organ  at  the  situation 
of  the  sinus  ganglia.  The  stimulus  may  be  applied  to  either  Tagoawith 
effect,  although  it  is  fre^fuently  more  potent  if  applied  to  the  nerreoD 
the  right  side.  The  effect  of  the  stimulus  is  not  immediately  seen;  one 
or  more  beats  may  occur  before  stoppage  of  the  heart  takes  pUoe,  aad 
slight  siimulation  may  produce  only  slowing  and  not  complete  stoppa^ 


Fig.  19ft-— Tracing  fihowlng  the  iw!tioij8  f>f  the  vagfjs  on  the  tieart,  Aur^  AurfculAr;  veni.,jm- 
trfcular  irocLDg.  The  |>art  betwefu  |>er]j«*udicijliir  hut^  indiculeM  period  of  rtk^m  f^fwfli^lii^.  CM 
lodJcatM  thut  the  HecoDd&ry  coU  wq»  8  cm,  fm in  th<^  pnoiHi-yv  The  part  of  timoia(r  to  tltt  kft 
flhowii  th<^  reeiular  cotitriMLrHoDs  of  nuxlerate  height  bffuiv  (ttifiiulatlon.  During  8tiixuilit2oQ.aiid  fcr 
aonie  tlint!  jifter,  the  t:ieat«i  of  auritrle  and  viititric1«  m'a  arrt^renit .  A  f  rtrr  ttiey  cominfiDcemKBlni  tfai^ 
ore  slngltt  at  Orxt^  but  hooii  aetjyire  a  nmi^h  i^niat^^r  ompUtude  tliaii  before  tbe  Ap{iUctttiao  of  IIb 
stitnuJuM,     {From  Bruutoii^  after  <hiHkelll> 

of  the  heart.  The  stoppage  may  be  due  either  to  prolongation  of  the 
diastole,  as  is  usually  the  caBe,  or  to  dim  in  ut  ion  of  the  systole.  VagDi 
stimulation  inhibits  the  spontanooua  beats  of  the  heart  only,  it  does  not 
do  away  with  the  irritability  of  the  heart-muscle,  since  mechanical  stim- 
ulation mtij  bring  out  a  beat  during  the  still-stand  caused  by  vagiis 
stimulation.  The  inhibition  of  the  beats  varies  in  duration,  but  if  the 
stimulation  be  a  prolonged  one,  the  beats  may  reappear  before  the  cor- 
rent  is  shut  off.  When  the  beats  reappear,  the  first  few  are  usually 
feeble,  and  may  be  auricular  only;  after  a  time  the  contractions  become 
more  and  more  strong,  and  very  soon  exceed  both  in  amplitude  and 
frequency  those  which  occurred  before  the  application  of  the  stimulus 
(%.  19C). 

Influence  of  the  Sympathetic— The  influence  of  the  sympathetic 
may  be  considered,  to  a  certain  extent,  as  the  reverse  of  that  of  the 
vafiTUS.     Stimulation  of  the  sympathetic,  even  of  one  side,  produces  ac- 
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ition  of  the  heart-beats,  and  according  to  certain  observerB,  section 
of  the  same  nerve  produces  slowing.     The  acceleration  produced  by  stim- 
Uion  uf  the  sympathetic  fibres  is  accompanied  by  increased  force^  and 
the  action  of  the  nerve  is  more  properly  termed  augmenhr.     The 
ction  of  the  sympathetic  differs  from  that  of  the  vagus  in  several  par- 
ctilars  besides  the  augmentation  which  is  produced :  firstly,  the  stimulus 
IQired  to  produce  any  effect  must  be  more  powerful  than  is  the  case 
the  vagus  stimulatiouj   secondly,  a  longer  time  lapses  before  the 
Feet  is  manifest;  and  thirdly,  the  augmeutation  is  followed  by  exhaus- 
ion,  the  beats  being  after  a  time  feebls  and  iess  frequent- 
Origan  of  the  cardiac  nerve-Sbres.— The  fibres  of  the  aympa- 
lietio  system,   which  infiuenee  the   heart-beat  in   the  frog,  leave  the 
pioal  oord  by  the  anterior  root  of  the  third  spinal  nerve,  and  pass 
thence  by  the  ramus  communicans  to  the  third  spinal  ganglion,  thence 
the  second  spinal  ganglion,  and  thence  by  the  annulus  of  Vieussens 
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(round  the  subclavian  artery)  to  the  first  spinal  ganglion,  and  thence  in 
the  main  trunk  of  the  sympathetic,  to  near  the  exit  of  the  vagus  from 
the  cranium,  where  it  joins  that  nerve  and  runs  down  to  the  heart  within 
its  sheath,  forming  tlie  joint  vagO'Sympathetic  trunk. 

In  the  dog,  the  augment  or  fibres  leave  the  cord  by  the  second  and 
third  dorsal  nerves,  and  possibly  by  anterior  roots  of  two  or  more  lower 
neryes,  passing  by  the  rami  coramiinicantes  to  the  ganglion  stellatum, 
or  first  thoracic  ganglion,  thence  by  the  annulus  of  Vieussens  to  the 
inferior  cervical  ganglion  of  the  sympathetic  fibres  from  the  annulus,  or 
from  the  inferior  ceryical  ganglion  proceed  to  the  heart. 

From  the  fact  that  the  augmentor  fibres  are  joined  to  the  vagus 
trunk,  it  may  be  understood  that  tlie  effect  of  the  stimulation  of  the 
vagus  in  the  frog  is  not  in  all  cases  purely  inhibitory,  but  may  be  aug- 
mentor, according  to  the  position  where  the  stimulus  is  applied,  the 
intensity  of  the  stimulus,  and  the  condition  of  the  heart;  if  it  is  beating 
trongly  a  slight  vagus  stimulation  will  produce  immediate  inhibition. 

The  fibred  of  the  vagus  which  pass  to  the  heart  arise  in  the  medulla 
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oblongata,  ia  the  floor  of  the  fourth  yentricle,  and  in  a  nacleos  of  gnj 
matter^  the  exact  position  of  which  will  be  indicated  in  a  future  chajto. 
It  has  been  found  that  stimulation  of  this  nuclease  which  is  caUed  the 
cardio-inhibitory.  centre,  produces  inhibition  of  the  heart-beat 

Thus  there  is  no  doubt  that  the  vagi  nerves  are  simply  the  media  of 
an  inhibitory  or  restraining  influence  over  the  action  of  the  heart,  which 
is  conveyed  through  them  from  the  centre  in  the  medulla  obloDgiti 
which  is  always  in  operation.  The  restraining  influence  of  the  centre 
in  the  medulla  may  bo  reflexly  iiu^eased  by  stimulation  of  almost  any 
afferent  nerve,  particularly  of  the  abdominal  sympathetic^  so  as  to  pro- 
duce slowing  or  stoppage  of  the  heart,  through  impulses  from  it  pefifiiD| 
down  the  vagi.  As  an  example  of  this  reflex  stimulation,  the  wdl- 
known  effect  on  the  heart  of  a  violent  blow  on  the  epigastrium  may  be 
referred  to.  The  stoppage  of  the  heart's  action  in  this  case  is  due  to 
the  conveyance  of  the  stimulus  by  fibres  of  the  sympathetic  (afferent) 
to  the  medulla  oblongata,  and  its  subsequent  reflection  through  the  vagi 
(efferent)  to  the  muscular  substance  of  the  heart  It  is  possible  that  the 
power  of  the  medullary  inhibitory  centre  may  in  ^  similar  manner  be 
reflexly  lessened  so  as  to  produce  accelerated  action  of  the  heart 

In  the  mammal  the  fibres  in  the  vagus,  by  means  of  which  inhibitory 
influences  are  conveyed  to  the  heart,  are  derived  from  the  spinal  acces- 
sory nerve,  since  when  that  nerve  is  divided  certain  fibres  of  the  vagni 
trunk  degenerate,  and  afterwards  stimulation  of  the  vagus  trunk  no 
longer  produces  inhibition.  The  spinal  accessory  flbres  are  fine  mednl- 
lated  fibres,  2fi  to  3/jl  in  diameter,  and  may  be  traced  to  the  heart,  and 
lose  their  medulla  in  the  ganglia  of  that  organ.  The  fibres  of  the  vagal 
traceable  into  the  heart  muscle,  have  been  found  to  be  both  medullated 
and  non-medullated  when  they  enter;  they  pass  out  of  Remak*s  ganglion 
more  generally  as  medullated  nerves,  forming  the  nerve-fibres  of  the 
septum,  but  after  these  septal  fibres  issue  from  Bidder's  ganglia,  they 
enter  the  ventricle  as  non-medullated  nerves,  in  the  frog  at  any  rate, 
but  in  mammals  a  few  fibres  are  medullated.  The  sympathetic  fibres, 
on  the  other  hand,  reach  the  heart  as  non-medullated  fibres,  having  lost 
their  medulla  in  the  sympathetic  ganglia. 

The  course  of  the  augmentor  fibres  in  the  spinal  cord  is  not  known, 
but  it  is  thought  that  in  all  probability  they  are  connected  with  an  aug- 
mentor centre  in  the  medulla.  The  circulation  of  venous  blood  appears 
to  stimulate  the  inhibitory  centre,  and  of  highly  oxygenated  the  ang- 
mentor  centre. 

In  addition  to  direct  and  reflex  stimulation  it  is  almost  certain  that 
impulses  passing  down  from  the  cerebrum  may  have  a  similar  effect 

Other  Influences  Affecting  the  Heart-Beat. — Alteration  of  tempera- 
ture.— The  effect  of  cold  is  to  slow  the  heart-beats,  and  if  the  heart  be 
cooled  down  to  S''  C.  (38°  F.)  it  will  stop  beating.     The  heart  may  be 
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»«eii,  aDd  when  thawed  will  contiiiHe  its  Bpontaiioous  beats.  The 
lect  of  he^it  is  to  quicken  and  shorten  the  hmrt-beats,  hut  ut  a  modor- 
temperatnre,  20"  C*  (68° F.),  the  contractions  are  increased  in  force, 
i  or  below  40''  C.  (104'*  F.)  the  contractions  are  so  rapid  as  to  pass  into 
;*rigor;  this  may  be  stopped  by  cooling. 
Poisons  and  other  chemical  substances.— A  large  number  of 
iemieal  substances  have  a  distinct  effect  upon  the  cardiac  contractions* 
f  these  the  most  important  are  airopiu  aud  mustarin* 

Atropiu  produces  considenible  augmentation  of  the  heart-beats,  and 

*hen  acting  upon  the  heart  prevents  the  results  of  vagus  Btimulation. 

Muscarin   (obtained  from  various  species  of  ]K)isonons  fungi)  pro- 

ces  marked  slowintjr  of  the  heart*heats,  and,  in  larger  doses,  stoppage 

the  heart.     It  produces  a  similar  effect  to  that  of  prolonged  vagus 

uhition^  and  as  in  that  case  the  effect  can  be  removed  by  the  action 

atropin. 

Digitalin  (the  active  principle  of  digitalis  purpurea),  glows  the  heart 
d  appears  to  act  by  stimulating  the  vagi.     Later  on  the  muscle  is  also 
•ore  excitable.      Verafrin  and  aconi/iH  have  a  similar  effect.     Nicaiine 
revents  the  effect  of  vagus  stimulatioo» 


MethQiis  of  JnTestig^atin|r  the  Heart-b^at. 

)  The  simplest  form  of  an  apparatus  to  b<?  ut^ed  fi>r  recording  the  contrac- 
of  the  frog's  heart  consist'^i  of  a  nmall  el<i«*Hi  cyHiuirieal  box  fixeil  to  a 
ad.  At  the  l)ottorii  uf  the  W*x  art*  two  tulles  by  iiieaiiw  of  which  water  at 
ions  temperatures  may  be  made  to  t-irculate  through  it.  one  tube  beiug  the 
ilet  and  the  other  the  outlet^  ami  they  are  conue^tecJ  with  infiia-rabber,  suit- 
fur  the  purpose  of  condiiL-tiog  water  to  and  from  the  ap[*arutu«.  The  lever 
\  made  of  a  piece  of  glass  rtxi  which  is  softened  and  drawn  out  in  the  flame 
the  blow -pipe  a  very  fine  thread,  leaving  a  small  piet^e  unalteretl  to  act  as 
\  cciunterpoise.  The  lever  is  then  ijasst*d  through  a  piere  of  cork  and  through 
Ills  cork  a  fine  needle  is  inserted  at  right  angleH  to  the  iever.  The  needle  ia 
to  rest  on  a  supf>ort  attached  abtive  one  side  of  the  box  in  such  a  way 
%%  the  lever  haa  free  movement  op  and  down.  Another  small  piece  of  cork 
along  the  lever  arm  and  is  adjusteil  and  cut  so  that  itn  point  directed 
awtiward  can  rest  uih»ii  the  frog's  heart,  which  is  removed  from  the  body  and 
kced  upon  the  top  of  the  bctx  in  serum  or  defibrmateil  blood.  In  this  way 
f  ooDtractions  of  tlie  auricles  and  ventricle  are  communicated  to  the  Iever» 
thia  may  be  made  to  write  ut>on  a  recording  cylinder. 
(2)  The  variations  of  endocardial  preBstire,  which  rorrespond,  of  course, 
ith  the  various  phases  of  the  cardiac  cycle,  may  Ix^  recorded  by  a  riiodifica- 
|,tioD  of  the  ordinary  mercurial  manometer.  Tlie  apjkaratus  is  best  used  with  a 
frog  (Rami  etfctderttay,  and  the  heart  ib  expotu^d  in  the  usual  manner*  the 
iium  ojjened.  A  cut  is  made  into  the  bulb^  and  by  this  means  a  double 
M-t/t  per/u4fwn  cannla  (fig.  198)  is  passed  into  the  ventricle,  a  ligature  is  passed 
Ticmiid  the  heart,  and  the  cannla  is  tied  in  tightly.  The  vessels  are  then  di- 
iTided  beyond  the  ligature,  aud  the  canula.  with  the  heart  attached,  is  removed. 
[To  one  stem  of  the  canula  a  tube  is  attached,  communicating  with  a  reservoir 
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of  a  solution  of  dried  blood  in  .6  saline  solution,  and  filtered,  which  is  cap- 
ble  of  being  raised  or  lowered  in  temperature  by  being  surrounded  by  a  meld 
box  which  contains  hot,  cold,  or  iced  water.  Attached  to  the  other  end  ba 
similar  tube,  which  communicates  by  a  T  piece  with  a  small  mercurial  mat- 
ometer,  provided  with  a  writing  style,  and  also  with  a  vessel  into  which  Oe 
serum  is  received.  The  apparatus  being  arranged  so  that  the  movementi  of 
the  mercury  can  be  recorded  by  the  float  and  the  writing  style  on  a  slowly 
revolving  drum,  and  after  some  serum  has  been  allowed  to  pass  freely  throQgh 
the  ventricle,  both  tubes  are  clipped,  the  second  one  bey<Mid  the  T  piece,  and 
the  alterations  in  the  pressure  are  recorded.  The  effects  of  fluids  at  variov 
temperatures  and  of  poisons  may  be  recorded  in  the  manner  indicated  abore. 

(3)  By  Roy*s  Tonometer  (fig.  Id9)  the  alterations  in  volume  which  a  fiog'i 
heart  undergoes  during  contrac- 
tion are  recorded  by  the  follow- 
ing means:  A  small  bell- jar, 
open  above,  but  provided  with  a 
firmly  fitting  cork,  in  which  is 
fixed  a  double  canula,  is  ad- 
justable by  a  smoothly  ground 
base  upon  a  circular  brass  plate, 


FiK.  198, 


Fig.  190. 


Fig.  108.--Kri>necker*8  Perfusion  Caoula,  for  supplying  Fluids  to  the  interior  of  the  Frog^ 
Heart.  It  coDBiHtu  of  a  double  tube,  one  outside  the  other:  the  end  view  is  shown  in  the  engrsTii^. 
The  inner  tube  branches  out  to  the  left:  thus,  when  the  ventricle  iiTtied  to  the  outer  tube  of  the  cts- 
ula,  a  current  of  li<|uid  ran  be  made  to  pass  into  the  heart  by  one  tube  and  out  through  the  other. 

Fig.  IW.— Roy's  Tonometer. 


about  2  to  3  inches  in  diameter.  The  junction  is  made  complete  by  greas* 
ing  the  base  with  lard.  In  the  plate,  which  is  fixed  to  a  stand  adjustable  on 
an  upright,  are  two  holes,  one  in  the  centre,  a  large  one  about  one-third 
of  an  inch  in  diameter,  to  which  is  fixed  below  a  brass  grooved  collar, 
about  half  an  inch  deep ;  the  other  hole  is  the  opening  into  a  pipe  provided 
with  a  tap  (stopcock).  The  opening  provided  with  the  coUar  is  closed  at  the 
lower  part  with  a  membrane  of  animal  tissue,  which  is  loosely  tied  by  means 
of  a  ligature  around  the  groove  at  the  lower  edge  of  the  collar.  To  this  mem- 
brane a  piece  of  cork  is  fastened  by  sealing-wax,  from  which  passes  a  wire, 
which  can  be  attached  to  a  lever,  fixed  on  a  stage  below  the  apparatus. 

When  using  the  apparatus,  the  bell -jar  is  fixed  by  means  of  lard,  and  the 
jar  is  filled  with  olive  oil.  In  the  way  above  described,  the  heart  of  a  large 
frog  is  prepared  and  the  canula  fixed  in  the  cork  is  firmly  tied  into  the  heart; 
the  tubes  of  the  canula  communicating  with  the  reservoir  of  serum  on  the 
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hand,  and  witii  a  Toeel  to  contain  the  Benim  after  it  has  run  through  cm 

cvlher.     The  cannJa  with  heart  attached  is  passed  into  the  oil,  and  the 

fimaly  secured-     By  these  meauB  the  lever  will  be  found  to  be  adjusted  to 

oonveiuesit  elevation.     The  lever  ih  allowed  to  write  on  a  moving  drum,  and 

ram  IS  paaeed  through  at  various  temperatures.     After  a  short  time  the  heart 

lay^  atop  beating;   hut  two  wires  are  arranged,  the  one   in  the  canula,  the 

projectiiig  from  the  plate  in  such  a  way  that  the  heart  can  be  moved 

them,  bj  shifting  tlie  position  of  the  belt- jar  a  little.     The  wires  act  as 

and  can  be  made  to  communicate  with  an   induction  apparatus,  so 

sia^e  induction  shock*  can  be  sent  into  the  heart  to  prwhice  contractions* 

if  need  be^  by  means  of  the  trigger  key,  at  on©  definite  point  in  the  revo- 

of  the  record  ing  cylinder. 

Electrical  Phenomena  of  the  Heart -beat,— The  phenomena  of 
the  aataral  beat  of  the  heart  are  generally  considered  to  indicate  tlmt 
ibe  tjslolic  contraction  is  a  single  and  not  a  tetanic  one«  The  electrical 
eiiaiigefl  support  this  Tiew.  During  the  contraction  a  distinct  electrical 
rTmuge  occura  which  is  similar  to  that  which  happens  io  skeletal  mnsclo 
nah  e^ich  contraction.  It  has  been  demonfitrated  that  a  stunninsed 
frog  heart  undergoes  two  changes  or  phases  as  regards  its  electrical  con- 
ditioQ,  tbe  first  immediately  before  the  contraction,  in  which  the  excited 
part  becomes  negative  to  the  other  parts,  contraction  following  the 
ware  of  eicitation,  and  the  second  during  relaxation,  in  which  the  cur- 
rent flows  in  an  opposite  way. 

The  Metabolism  of  the  Heart. — Whatever  view  may  be  taken  of 
the  natare  of  the  rhythmic  cardiac  contractions,  it  will  be  genemlly 
acknowledged  that  the  contractions  cannot  long  be  maintained  without 
a  dae  supply  of  blood  or  of  a  similar  nutritive  Hnid.  Some  very  re- 
niarluible  facts  have  been  made  out  about  this,  in  the  case  of  the  frog's 
heart.  For  instance,  it  has  been  shown  that  normal  saline  solution  is 
inaofficient  to  maintain  the  contractions,  and  that  in  experiments  in 
which  it  is  necessary  to  maintain  the  beats  for  any  length  of  time  failing 
or  saline  solution  of  dried  blood,  the  eoUition  should  contain 
fern m -album in » and  that  there  should  also  be  present  some  potas- 
chloride,  and  Dr.  Ringer  has  composed  a  nutritive  fluid  which 
eontasna  chlorides  of  sodium,  potassium^  and  calcium  in  small  amounts, 
which  is  able  to  maintain  the  normal  beats  of  the  heart.  It  is  therefore 
rwrj  reasonftble  to  suppose  that  the  amount  and  fjuality  of  the  blood 
eopplied  to  the  human  heart  has  the  greatest  influence  in  maintaining 
the  force  and  freqaency  of  the  rhvthmic  activity^  The  view  that  is 
taken  at  present  of  the  action  of  the  heart  is  one  propounded  by  Qaskell, 
viiE.,  thai  in  heart  muscle  as  in  protoplasm  generally,  the  metabolic  pro- 
tmam  are  those  of  anabolism  or  building  up,  which  takes  place  during 
the  diaetole  of  the  heart,  that  vagus  stimulation  helps  on  this  process^ 
and  of  catabolism  or  discharge,  which  is  manifested  in  the  contraction 
of  the  heart,  and  which  is  accelerated  by  stimulation  of  the  sympatbetio 
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fibres.  Thai  rmgtim  siimtilsticm  it  therefore  ultimately  benefici^  t^  tbc 
oontrmctions.  The  electrical  curreDU  set  up  on  the  stimaktion  of  thi 
Ymgoi  atid  of  the  srmpathetic  are  in  opposite  directions,  and  so  if  Gu. 
keU'e  coiiteDtion  ii  oorrect  that  the  negatire  rariatioD  of  tbe  musck 
current  oocarrizig  on  tympaifaetic  stinmlation  u  a  sign  of  catabolism,  the 
reeolt  of  Tagofl  fiimulatioti,  Tis.,  a  poettive  variation  of  the  moscle  cai> 
rent,  maj  be  suppoeed  to  indicate  the  com  piemen  tarj  condition  of  im* 
holism. 

3.  Ths  Amouni  of  Blood  PoMmng  into  ths  ileari's  Caviiien. — It  is  found 
that  in  the  bodj  at  any  rate  the  amonnt  of  blood  which  passes  into  tb 
carities  of  the  heart  distinctly  affects  the  strength  of  ita  beat.  TliDiif 
from  any  cause  the  blood  is  diminished  the  contractions  become  inarli 


Fig,  200— PletiiysrnoRTaph.  By  m«iQs  of  this  ftpparaius,  tbe  &lteratioi]  in  volume  of  tlwinii, 
■,  which  ifl  tnolrjS4"4l!  in  a  ie;l&»«  Cu^>e«  4.  fllleilwitJli  diim,  the  opiealn^  thFoqgrh  which  il  pmwi  bqiag 
flrjnly  cl/meU  hj  a  thick  euttA-perchA  hand*  f,  is  comintinieal«?d  to  tbe  lever,  D.  and  re^ri^tfcnd  Isj  1 
reoordfofc  appartttui.  The  fluid  in  a  commimjcates  with  that  in  b,  the  upper  iimitof  vliie£is 
Above  that  iu  a.  Tbe  chief  Altemdoti«  in  volume  ftre  due  to  alteration  in  the  mood  cooUined  in  ttt 
arm.  When  Uh^  volume  to  fnoreased.  fluid  pasnea  out  of  the  friaas  oylioder,  and  the  l^ver.  d,  tim ti 
raijtecl,  und  whrn  a  decnaae  takes  plaee  the  fltild  returns  ajvrain  fiM>ui  b  to  a.  tt  %rill  therefotc  1>t 
pvid*'rn  that  the  apparatuRlfl  cattoble  of  npcordlng  alterations  of  biootlprpfwure  in  thewm.  Apf^ 
rAtiiM  foiMided  iiTMin  the  same  principle  have  bean  used  for  recordiuj^  alteratjinos  in  tbe  votumerf 
tbe  ipleeD  and  kldoey. 
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more  feeble,  although  they  may  possibly  be  increased  in  rapidity.  Simi- 
larly with 

4,  Ihe  J  mount  of  Pressure  to  be  Omrcome. — If  the  aortic  pressareia 
too  low  the  muscle  contractions  of  the  heart  is  not  so  powerful  or  effec- 
tive OS  if  the  pressure  ie  normal,  wliereiis  too  ^reat  arterial  pressure  may 
bo  sufficient  to  delay  if  not  to  stop  altogether  the  heart's  beats^  dilata- 
tion of  its  cavities  taking  place  and  a  condition  of  asyHolism  (Bean) 
reBuIting. 

Another  condition  sometimes  forgotten  should  be  added  as  influeoe- 
ing  the  potency  of  the  cardiac  contraction,  viz.,  the  heart  must  hsve 
sufficient  room  to  contract,  it  must  not  be  unduly  pressed  upon, 

(b.)  The  Peripheral  Resistance*— The  regulation  of  the  amenut 
of  resistance  to  the  passage  of  blood  at  the  periphery  is  principally  done 
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the  aUeration  of  the  ciilibre  of  the  arterioles.     This  regulating  power 
[chiefly  invested  io  the  nervous  system.     Its  influence  is  exerted  upon 
tnaacalar  coat  of  the  arteries  and  not  upon  the  elastic  element,  which 
as   must  be  obvious,  nither   physical   than   vital   properties, 
tie  muscular  tissue  in  the  walls  of  the  vessels  increases  in  amount  rel- 
irely  to  the  other  coatB  as  the  arteries  grow  smaller^  so  that  in  the 
orioles  it  is  developed  out  of  all  proportion  to  the  other  elements; 
fact,  in  passing  from  capillary  vessels,  made  up  as  we  have  seen  of 
idothelial  cells  with  a  gfound  substance,  the  first  change  which  occurs 
I  the  vessels  become  larger  (on  the  side  of  the  arteries)  is  the  appear- 
of  moscular  fibres.     Thus  the  nervous  system  is  more  powerful  in 
dlating  the  c^^ilibre  of  the  smaller  than  of  the  larger  arteries. 
It  was  long  ago  shown  by  Claude  Beniard  that  if  the  cervical  syra- 
ithetic  nerve  is  divided  in  a  mbbit,  the  blood-vessels  of  the  eorrespond- 
Bg  side  of  the  head  and  neck  become  dilated.     This  effect  is  best  seen 
the  ear,  which  if  held  up  to  the  light  is  seen  to  become  redder,  and 
the  arteries  are  seen  to  become  larger.     The  whole  ear  is  distinctly 
warmer  than  the  opposite  one.     This  effect  is  produced  by  removing 
the  arteries  from  the  influence  of  the  central  nervous  system ^  which  in- 
flnence  normally  passes  down  the  divided  nerve;  for  if  the  peripheral 
ad  of  the  divided  nerve  (*.^,,  that  farthest  from  the  brain)  be  stimulated, 
4e  arteries  which  were  before  dilated  return  to  their  natural  size,  and 
the  parts  regain  their  primitive  condition.     And^  besides  this,  if  the 
^Mimulas  is  very  strong  or  very  long  continued,  the  point  of  normal  con- 
^Kriction  is  passed,  and  the  veBsele  become  much  more  contracted  than  nor- 
^■uiL    The  natural  condition,  which  is  about  midway  between  extreme  con- 
^traction  and  extreme  dihitation,  is  called  the  natural  tone  of  an  artery; 
if  this  is  not  maintained,  the  vessel  is  said  to  have  lost  tone,  or  if  it  is 
exaggerated,  the  tone  is  said  to  be  too  great.     The  effects  described  as 
I     having  been  produced  by  section  of  the  cervical  sympathetic  and  by 
subsequent  stiraulation  are  not  peculiar  to  that  nerve,  as  it  has  been 
\    found  that  for  every  part  of  the  body  there  exists  a  nerve  the  division 
of  which  produces  the  same  effects,  viz.,  dilatsition  of  the  vessels;  such 
may  be  cited  as  the  ct^se  with  the  sciatic,  the  splanchnic  nerves,  and  the 
nerves  of  the  brachial  plexus:  when  these  are  divided,  dilatation  of  the 
blood-vessels  in  the  parts  supplied  by  them  takes  place.     It  appears, 
therefore,  that  nerves  exist  which  have  a  distinct  control  over  the  vas- 
cular supply  of  every  part  of  the  body.     These  nerves  are  called  raso- 
motor;  they  run  now  in  cerebro-spinal,  now  in  the  sympathetic  nerve- 
trDEiks, 

Vaso-motor  centres. — Experiments  by  Lndwig  and  others  show 
that  the  vaso-motor  fibres  come  primarily  from  a  nucleus  of  gray  matter, 
vaso-motor  centre,  in  the  bulb  or  medulla  oblongata,  being  situated 
in  tbe  floor  o^  the  fourth  vppfcricle,  between  the  calamus  scriptorius  and 
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the  corpora  quadrtgemtna.  Thence  the  vago-motor  fibres  paw  do 
the  spinni  cord,  and  issuing  with  the  anterior  roots  of  the  spinal  i 
traverse  the  various  ganglia  on  the  prse-vertebral  cord  of  the  sympathetic,! 
and,  accompanied  by  branches  from  those  ganglia^  pass  to  their  dti-| 
tination.  I 

Secondary  or  subordinate  vaso-mator  centres  exist  in  the  spina!  corfJ 
and  the  influence  exerteii  by  the  chief  vaso-motor  centre  ia  not  onljiaf 
€on«tftnt  modcriite  action,  but  may  bo  altered  in  several  way«,  but  chifi 
by  afferent  (sensory)  stimuli*  These  stimuli  may  act  in  two  ways^iT 
increasing  or  diminishing  the  usual  action  of  the  centre,  which  mainl 
a  medium  tone  of  the  arteries.  This  afferent  influence  upon  thecentn  j 
(augmenting  or  inhibiting)  is  well  shown  by  the  action  of  a  nerve  cilM 
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T\g.  201.— Tracing  showiniif  the  effect  on  blood 'pivftsure  of  stimuIatlDft  the  cseotrai  eod  OC  ^ 
I>epnf»«or  nenre  In  tbt?  rabbit.  T*^  be  r^iid  fmin  right  to  teft.  T,  indicate  th«?nil«a£whkli  Ik 
recordinif  tdirfacp  wiu*  traveHinp,  the  hitt^rvnl*  c<im^TOnd  to  aeconiis;  C%  ibe  moment  ottiatnastl 
current;  O,  moment  at  which  it  won  shut  nfT.  The  effect  is  some  time  in  derelopiti  '  ■  ''- 
tht?  ciirrent  h&s  bei^n  taken  ofT.  The  lar^r  iimlulaiionii  «re  Uie  reaplratory  i 
tionft  arv  verj  HinalL     iFcwter) 
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the  depressor,  the  existence  of  which  was  demonstrated  by  Cyon  and 
Liidwig* 

It  is  a  small  afferent  nerve  and  passes  up  from  the  heart  in  which  it 
takes  its  origin,  and  in  the  rabbit  goes  upward  in  the  sheath  of  the  su- 
perior laryngeal  branch  of  the  vagus  or  with  that  branch  and  the  ragUE 
itself,  communicating  by  filaTnenta  with  the  inferior  cervical  ganghon 
as  it  proceeds  from  the  heart. 

If  during  a  blood-pressure  observation  in  a  rabbit  this  nerve  be  di- 
vided, and  the  central  end  {i\e,f  that  nearest  the  brain)  be  stimulated, s 
remarkable  fall  of  blood-pressnre  takes  place  (fig,  201), 

The  cause  of  the  fall  of  blood -pressure  is  found  to  proceed  from  the 
dilatation  of  the  vascular  district  within  the  abdomen  supplied  by  the 
splanchnic  nerves,  in  consequence  of  which  the  vessels  hold  a' much 
larger  (|uantity  of  blood  than  usual.  The  engorgement  of  the  splaacb- 
nic  area  very  greatly  diminishes  the  amount  of  blood  in  the  veaaels  die- 
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Bre,  and  bo  materially  diminishes  tlie  blood-pressure.     The  function 

fthe  depressor  nerve  is  presumed  to  be  that  of  conveying  to  the  raso- 

utor  centre  indications  of  such  conditions  of  the  heart  as  require  a 

diminution  of  the  tension  in  the  blood-vessels;  as,  for  example,  that  the 

lit  cannot,  with  sutficient  ease,  propel  blood  into  the  already  too  full 

'  too  tense  arteries  (p.  232), 

The  action  of  the  depressor  nerve  in  cauging  an  inhibition  of  the 
-motor  centre  illustrates  the  more  unusual  effect  of  af  ereiit  impulses. 
I  a  rule,  the  stimulation  of  the  central  end  of  an  afferent  nerve  pro- 
lees  A  reverse  or  pressor  effect,  and  increases  the  tonic  influence  of 
tbe  centre,  and  by  causing  cuiii^triction  uf  the  arteriules,  eitlier  locally  or 
geBeniUy,  raises  the  blood-pressure.  Thus  the  etfect  of  stimnlatiug  an 
afferent  nerve  may  be,  by  its  influence  on  the  vaso-motor  centre,  either 
to  dilate  or  to  constrict  the  arteries,  stimulation  of  an  afferent  nerve 
too  may  produce  a  kind  of  paradoxical  effect,  causing  gentrnl  vageulur 
eonstriction  and  so  general  increase  of  blood-pressure,  but  at  the  same 
lime  knutl  dilatation  which  must  evidently  have  an  immense  influcnco 
ID  increasing  the  flow  of  blood  through  the  part. 

The  vaso-motor  centre  may  not  only  be  reflexly  atleetedj  but  it  may 
wXbo  be  affected  by  impulses  jiroceeding  to  it  from  the  cerebrum,  as  in 
the  case  of  hluHhltnj  from  mind  disturbance,  or  of  pallor  from  sudden 
fear.  It  will  be  shown,  too,  in  tlie  chapter  on  Respiration  that  the  cir- 
cuLition  of  venous  blood  may  directly  stinuilatc  the  centre  itself. 

Although  the  tone  of  the  arteries  is  influenced  by  tlie  centres  in  the 
cerebro-spinal  axis,  experiments  have  proved  that  this  is  not  the  only 
way  in  which  it  may  be  influenced.  Thus  the  dilatation  which  occurs 
after  section  of  the  cervical  sympathetic  in  the  first  experiment  cited 
above>  only  remains  for  a  short  time,  and  is  soon  followed— although  a 
portion  of  the  nerve  may  have  been  removed  entirely— by  the  vessels 
regaining  their  ordinary  calibre;  and  afterward  local  stimulation,  ej/.^ 
the  application  of  heat  or  cold,  Mill  cause  dilaiation  or  constriction. 
This  is  probably  the  effect  of  the  direct  stimuhition  of  the  muscle  of  the 
walls  of  the  vessels.  The  observations  upon  the  functions  of  the  vaso- 
motor nerves  tiiemselves  appear  to  tlivide  them  into  four  classes:  (1) 
those  on  division  of  which  dilatation  occurs  for  some  time,  and  whicli 
on  stimulation  of  tlieir  peripheral  ends  produce  constriction ;  (2)  those 
on  division  of  which  momentary  dilatation  followed  by  constriction  oc- 
curs, with  dilatation  on  stimulation;  (3)  those  on  division  of  which  di- 
latation is  caused,  which  lasts  for  a  limited  time,  with  constriction  if 
stimulated  at  once,  but  dilatation  if  gome  time  is  allowed  to  elapse  before 
the  stimulation  is  applied;  (4)  a  class,  division  of  which  produces  no 
effect  but  which»  on  stimulation,  cause  according  to  their  function  either 
dilatation  or  constriction.  A  good  example  *>f  this  fourth  class  is  afforded 
bv  the  nerves  supplying  the  submaxillary  gland,  viz.,  the  chorda  tympani 
i6 
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and  the  sympathetic.  When  either  of  these  nerves  is  simply  divided, 
no  change  takes  place  in  the  vessels  of  the  gland;  but  on  stimulating 
the  chorda  tympani  the  vessels  dilate,  and,  on  the  other  hand,  when  xht 
sympathetic  is  stimulated  the  vessels  contract.  The  nerves  acting  like 
the  chorda  tympani  in  this  case  are  called  vaso-dilators,  and  those 
like  the  sympathetic  yaso-constrictors.  The  vaso-dilator  nerves  are 
believed  to  act  upon  the  blood-vessels  just  in  the  same  way  as  the  vagu 
does  upon  the  heart,  they  are  vaso-inhibitory,  or  anabolic  nerves.  In 
the  same  way  the  vaso-constrictor  are  vaso-augmentor,  like  the  sympa- 
thetic heart  fibres,  or  in  other  words,  cataboHc  nerves  to  the  blood-vessek 
The  following  table  may  serve  as  summary  of  the  eff^i  of  the  altera- 
tion of  the  peripheral  resistatice  upon  the  blood-pressure: — 

A.  An  increase  of  the  blood-pressure  may  be  produced: — 

(1.)  By  stimulation  of  the  vaso-motor  centre  in  the  medulla,  either 
a.  Directly,  as  by  carbonated  or  deoxygenated  blood. 
p.  Indirectly,    by  impressions  descending  from  the  cerebrum, 

e.g.,  in  sudden  pallor. 
y.  Reflexly,  by  stimulation  of  afferent  or  pressor  nerres  anv- 
where,  which  increases  the  action  of  the  centrt;. 
(2.)  By  stimulation  of  the  centres  in  spinal  cord. 

Possibly  directly  or  indirectly,  certainly  reflexly. 
(3.)  By  stimulation  of  each  vascular  area  directly  by  means  of  altered 
blood. 

B.  A  decrease  of  the  blood-pressure  may  be  produced  : — 

(1.)  By  stimulation  of  the  vaso-motor  centre  in  the  medulla,  either 
(a)  Directly,  as  by  oxygenated  or  aerated  blood. 
(jS)  Indirectly,    by     impressions   descending    from    the   cere- 
brum— e.g.,  in  blushing. 
(y)  Reflexly,  by  stimulation  of  the  depressor  nerve,  and  con- 
sequent dilatation  of  vessels  of  splanchnic  area,  and  pro- 
ducing inhibition  of  the  centre  by  stimulation  of  other 
sensory  nerves. 
(2. )  By  stimulation  of  the  centres  in  spinal  cord.     Possibly  directly, 

indirectly,  or  reflexly. 
(3. )  By  stimulation  of  each  vascular  area  directly,  e.  g. ,  by  means  of 
altered  bl<XKi,  or  by  heat. 

Besides  the  regulation  of  the  heart  beat  and  of  the  peripheral  resist- 
ance, it  must  be  recollected  that  other  circumstances  may  affect  the  blood 
pressure,  of  which  changes  in  the  blood  are  the  chief.  First  of  all— 
a.  As  regards  quantitii.  At  first  sight  it  would  appear  probable  that 
one  of  the  easiest  ways  to  diminish  the  blood-pressure  would  be  to  re- 
move blood  from  the  vessels  by  bleeding.  It  has  been  found  by  experi- 
ment, however,  although  the  blood-pressure  sinks  while  large  abstractions 
of  blood  are  taking  place,  that  as  soon  as  the  bleeding  ceases  it  rises 
rapidly,  and  speedily  becomes  normal;  that  is  to  say,  unless  so  large  an 
amount  of  blood  has  been  taken  as  to  be  positively  dangerous  to  life, 
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abstraction  of  blood  has  little  effect  upon  the  blood-pressure.  The  rapid 
ntum  to  the  normal  pressure  is  due  not  so  much  to  the  withdrawal  of 
lymph  and  other  fluids  from  the  body  into  the  blood,  as  was  formerly 
•apposed,  as  to  the  regulation  of  the  peripheral  resistance  by  the  vaso- 
motor nerves;  in  other  words,  the  small  arteries  contract,  and  in  so  do- 
ing maintain  pressure  on  the  blood  and  favor  its  accumulation  in  the 
arterial  system.  This  is  due  to  the  stimulation  of  the  vaso-motor  cen- 
tre from  diminution  of  the  supply  of  blood,  and  therefore  of  oxygen. 
The  failure  of  the  blood-pressure  to  return  to  normal  in  the  too  great 
abstraction  must  be  taken  to  indicate  a  condition  of  exhaustion  of  the 
centre,  and  consequently  of  want  of  regulation  of  the  peripheral  resist- 
ance. In  the  same  way  it  might  bo  thought  that  injection  of  blood  into 
the  already  full  vessels  would  be  at  once  followed  by  rise  in  the  blood- 
pressure,  and  this  is  indeed  the  case  up  to  a  certain  point — the  pressure 
does  rise,  but  there  is  a  limit  to  the  rise.  Until  the  amount  of  blood 
injected  equals  about  2  to  3  per  cent  of  the  body-weight,  the  pressure 
continues  to  rise  gradually;  but  if  the  amount  exceed  this  proportion, 
the  rise  does  not  continue.  In  this  case,  therefore,  as  in  the  opposite 
when  blood  is  abstracted,  the  vaso-motor  apparatus  must  counter- 
act the  great  increase  of  pressure,  but  now  by  dilating  the  small  ves- 
sels, and  so  diminishing  the  peripheral  resistance,  for  after  each  rise 
there  is  a  partial  fall  of  pressure;  and  after  the  limit  is  reached  the 
whole  of  the  injected  blood  displaces,  as  it  were,  an  equal  quantity  which 
passes  into  the  small  veins,  and  remains  within  them.  It  should  be  re- 
membered that  the  veins  are  capable  of  holding  the  whole  of  the  blood 
of  the  body. 

Farther,  as  we  have  seen,  the  amount  of  blood  supplied  to  the  heart, 
both  to  its  substance  and  to  its  chambers,  has  a  marked  effect  upon  the 
blood-pressure. 

b.  As  regards  quality.  The  quality  of  the  blood  supplied  to  the 
heart  has  a  distinct  effect  upon  its  contniction,  as  too  watery  or  too 
little  oxygenated  blood  must  interfere  with  its  action.  Thus  it  appears 
that  blood  containing  certain  substances  affects  the  peripheral  resistance 
by  acting  upon  the  muscular  fibres  of  the  arterioles,  and  so  directly  alter- 
ing the  calibre  of  the  vessels. 

Proofs  of  the  Circulation  of  the  Blood. 

It  seems  hardly  necessary  at  the  present  time  to  bring  forward  the 
proofs  that  during  life  the  blood  circulates  within  the  body;  they  are 
80  well  known.  It  is  interesting,  however,  to  recount  the  main  argu- 
ments by  which  Harvey  in  the  first  instance  established  the  fact  of  the 
circulation;  they  were  as  follows: — 

I.  That  the  heart  in  half  an  hour  propels  more  blood  than  the  whole 
mass  of  blood  in  the  body; 
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2.  That  the  blood  spurts  with  great  force  and  in  a  jerky  manner 
from  an  opened  artery,  such  as  the  carotid,  with  every  beat  of  ihe 
heart; 

3.  That  if  true,  the  normal  course  of  the  circulation  would  explain 
why  after  death  the  arteries  are  commonly  found  empty  and  the  Teins 
full; 

4.  That  if  the  large  veins  near  the  heart  be  tied  in  a  fish  or  snake, 
the  heart  becomes  pale,  flaccid,  and  bloodless;  and  that  on  moving  the 
ligature,  the  blood  again  flows  into  the  heart.  If  the  artery  is  tied,  the 
heart  becomes  distended,  the  distention  lasting  until  the  ligature  is 
removed ; 

5.  That  if  a  ligature  round  a  limb  be  drawn  very  tight,  no  blood  can 
enter  the  limb,  and  it  becomes  pale  and  cold.  If  the  ligature  be  some- 
what relaxed,  blood  can  enter  but  cannot  leave  the  limb;  hence  it  be- 
comes swollen  and  congested.  If  the  ligature  be  removed,  the  limb 
soon  regains  its  natural  appearance; 

6.  That  the  valves  in  the  veins  only  permit  the  blood  to  flow  toward 
the  heart; 

7.  That  there  is  general  constitutional  disturbance  resulting  from 
the  introduction  of  a  poison  at  a  single  point,  e.g.,  snake  poison; 

To  these  may  now  be  added  many  further  proofs  which  have  accu- 
mulated since  the  time  of  Harvey,  e.g. : — 

8.  That  in  wounds  of  arteries  and  veins;  in  the  former  case  hemor- 
rhage may  be  almost  stopped  by  pressure  between  the  heart  and  the 
wound,  in  the  latter  by  pressure  beyond  the  seat  of  injury; 

9.  That  the  passage  of  blood-corpuscles  from  small  arteries  through 
capillaries  into  veins  in  all  transparent  vascular  parts,  as  the  mesentery, 
tongue,  or  web  of  the  frog,  the  tail  or  gills  of  a  tadpole,  etc.,  may  actu- 
ally be  observed  under  the  microscope. 

Further,  it  is  obvious  that  the  mere  fact  of  the  existence  of  a  hollow 
muscular  organ  (the  heart)  with  valves  so  arranged  as  to  permit  the 
blood  to  pass  only  in  one  direction,  of  itself  suggests  the  course  of  the 
circulation.  The  only  part  of  the  circulation  which  Harvey  could  not 
follow  was  that  through  the  capillaries,  for  the  simple  reason  that  he 
had  no  lenses  sufficiently  powerful  to  enable  him  to  see  it.  Malpigbi 
(1601)  and  Leeuwenhoek  (1668)  demonstrated  this  in  the  tail  of  the  tad- 
pole and  lung  of  the  frog. 


CHAPTER  YII. 


RESPIRATION. 


The  maintenance  of  animal  life  necessitates  the  continual  absorptioii 
of  oxygen  i&nd  excretion  of  carbonic  acid;  the  blood  being,  in  all  uni* 
Halt  vbich  poaaesa  a  weU-developed  blood-vasculur  system,  the  medium 
tij  which  these^^Mes  are  carried.  By  the  blood,  oxygen  is  absorbed 
froni  without  and  conveyed  to  all  parts  of  the  organism;  and,  by  the 
Uood»  carbonic  acid,  which  conies  from  within,  is  carried  to  those  parta 
fcy  which  it  may  escape  from  the  body.  The  two  processes, — absorption 
«f  oxygen  and  excretion  of  c^irbonic  acid,  are  complementary,  and  their 
mm  m  termed  the  process  of  RespiratioH, 

In  all  Vertebrata,  and  in  a  large  number  of  Invertebrata,  certain  parts, 
either  Inn^if  or  plls,  are  specially  constructed  for  bringing  the  blood 
into  proximity  with  the  aerating  medium  (atmospheric  air,  or  water  con- 
Udmng  air  in  solution).  In  some  of  the  lower  Vertebrata  (frogs  and 
other  naked  Amphibia)  the  skin  is  important  as  a  respiratory  organ, 
and  IS  capable  of  supplementing,  to  some  extent^  the  functions  of  the 
proper  hrtaihing  apparatus;  but  in  all  the  higher  animals,  including 
man,  the  respiratory  capacity  of  the  skin  is  so  intinitesimal  that  it  may 
be  practieally  disregarded. 

Ettentiallj  a  lung  or  gill  is  constructed  of  a  fine  transparent  mem- 
brmney  one  surface  of  which  is  exposed  to  the  air  or  water,  lis  the  case 
nay  be^  while,  on  the  other,  is  a  network  of  blood-vessels, — the  only  sep- 
aniticm  between  the  blood  and  aerating  medium  being  the  thin  wall  of 
Ibe  bl€K>d 'Vessels,  and  the  fine  membrane  on  one  side  of  which  vessels 
are  diatributed.  The  difference  between  the  simplest  and  the  most 
eoRipl]<»ted  respiratory  membrane  is  one  of  degree  only. 

The  vaj^iooa. complexity  of  the  respiratory  membrane,  and  the  kind 
of  a^xmUDg  medinm,  are  not,  however,  the  only  conditions  which  cause 
a  diffcrenoe  in  the  respiratory  capacity  of  different  animals.  The  num- 
ber and  size  of  the  red  blood-corpuscles,  the  mechanism  of  the  breathing 
apparatud,  the  presence  or  absence  of  a  pulmonary  heart,  phy8iologic4dly 
diattnct  from  the  systemic^  are,  all  of  them,  conditions  scarcely  second 
in  importaaoe. 

ttl  may  be  aa  well  to  sbite  here  that  the  lungs  are  only  the  medium 
r  Ih^  $xckunffif  on  the  part  of  the  blood,  of  carbonic  acid  for  oxygen. 
b^  are  not  the  aeaii  in  any  special  manner,  of  those  combustion-pro- 
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cesses  of  which  the  prodnction  of  carbonic  acid  is  the  final  result 
These  processes  occur  in  all  parts  of  the  body  in  the  substance  of  the 
tissues. 

Of  the  Respiratory  Apparatus. 

The  object  of  respiration  being  the  interchange  of  gases  in  the  longi^ 
it  is  necessary  that  the  atmospheric  air  shall  pass  into  them  and  that 
the  changed  air  should  be  expelled  from  them.  The  Inngs  are  contained 
in  the  chest  or  thorax,  which  is  a  closed  cavity  having  no  commnnici- 


FiR.  202. 


Fig.  203. 


Fig.  302  -Outline  showine  the  general  form  of  the  larynx,  trachea,  and  bronchi,  as  seen  from 
before  h.  The  great  corau  of^the  hyoid  bone;  c.  epiglottis;  f,  superior,  and  f,  inferior  ooniu  of  l.  e 
thyroid  cartilage:  c.  middle  of  the  cricoid  cartilage  ;  tr,  the  traahea,  showinR sixteen  cartilagii.ou.> 
rings;  fc,  the  right,  and  b\  the  left  bronchus.    (Allen  Thomson.)    x  H- 

w  u,**!?'  ^—Outline  showing  the  ^neral  form  of  the  larynx,  trachea,  and  hroncfai,  as  seen  from 
behind.  A,  Great  comu  of  thehyoid  bone;  t,  superior,  and  t\  the  inferior  oomu  of  the  thvroid 
cartilage;  e,  epiglottis;  a,  points  to  the  back  of  both  the  aiytenoid  cartfla£«>s.  which  are  sur- 
mounted by  the  eomlcula  ;  c,  the  middle  ridge  on  the  back  of  the  cricoid  cartilage:  fr,  the  ww- 
wr*'^  tm^^ntbranous  part  of  the  trachea;  6.  6',  right  and  left  bronchi.    (Ailen  Thomftoo  )    x  H- 
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tion  with  the  outside,  except  bv  means  of  the  respiratory  paBsagee,  The 
^entefs  theee  paaaages  through  the  iiostrils  or  through  the  mouthy 
tbn^it  panes  through  the  larynx  into  the  trachea  or  windpipe^  which 
iboQt  the  middle  of  the  chest  divides  into  two  tubes,  bronchi,  one  to 
mch  (right  atid  left)  lung. 

The  Larynx  is  the  upper  pnrt  of  t he-passage  which  leads  exclusively 
to  the  hing:  it  is  formed  by  the  thyroid,  cricoid,  and  arytenoid  wirtilMges 
1% 'iO^K  and  contains  the  vo€al  cords,  by  the  vibration  of  which  tlie 
TOce  id  chiefly  produced*  These  vocal  cords  are  ligamentons  bands 
attachtHi  irt  certain  cartilages  capable  of  movement  by  muscles.  By 
their  approximation  the  cords  can  entirely  close  the  entrance  into  the 
htrrni;  but  under  ordinary  conditions,  the  entrance  of  the  larynx  is 
fomnl  by  a  more  or  less  triangular  chink  between  them,  called  the 
riuttt  qltftfuliif.  Projecting  at  an  acute  angle  between  the  base  of  the 
tongue  and  the  larynx,  to  which  it  is  attached,  is  a  leaf-shaped  cartilage, 
^ih  its  larger  extremity  free,  culled  the  ejfit^htiis  (fig.  203,  e).  The 
whole  of  the  larynx  is  lined  by  niucons  membrane,  which,  however,  is 
titreniely  thin  over  the  vocal  cords.  At  its  lower  extremity  the  lurynx 
joins  the  trachea.*  With  the  exception  of  the  epiglottis  and  the  so- 
a/led  comicula  laryngis,  the  cartilnges  of  the  larynx  are  of  the  hyalin 
nhety. 

7^  EpighiiU, — The  supporting  cartilage  of  the  epiglottis  is  com- 
jnmA  of  yellow  ehistic  cartilage,  inclosed  in  a  fibrous  sheath  (perichon- 
drium), and  covered  on  both  sides  with  mucous  nienibrjine.  The  ante- 
rior surface,  which  looks  toward  the  back  of  the  tongue,  is  covered  with 
mneoos  membrane,  the  basis  of  which  is  fibrous  tissue,  elevated  toward 
bath  enrfaees  in  the  form  of  rudimentary  papilla*,  and  covered  with 
•everel  htyers  of  squamous  epithelium.  In  it  r^imify  capillary  blood- 
Tcaecla,  and  in  its  meshes  are  a  large  number  of  lymphatic  channels. 
Under  the  mucous  membrane,  in  the  less  dense  fibrous  tissue  of  which 
it  is  composed,  is  a  number  of  tubular  glands.  The  posterior  or  laryn- 
geal jorface  of  the  epiglottis  is  covered  by  a  raucous  membniue,  similar 
In  structure  to  that  on  the  other  surface,  but  its  epithelial  coat  is  thin- 
ner, the  number  of  strata  of  cells  is  less,  and  the  papilla?  few  and  less 
dijittnct.  The  fibrous  tissue  which  constitutes  the  mucous  membrane  is 
itt  gi^eat  pttrt  of  the  adenoid  variety,  and  is  here  and  there  collected  into 
dialiiiet  massea  or  follicles.  The  ghmds  of  the  posterior  surface  ar© 
ramller  hut  more  numerous  than  those  of  the  other  surface.  In  many 
|ilflee«  the  glands  which  are  situated  nearest  to  the  perichondrium  are 
dirc^cliy  continuous  through  apertures  in  the  cartilage  with  those  on  the 
olber  side^  and  often  the  ducts  of  the  glands  from  one  side  of  the  carti- 


^  A  detailed  account  of  the  structure  and  f  uuction  of  the  Larynx  wili  m 
io  a  lalrr  chapter. 


Ftfc,  904.— Section  of  the  trmch^a.  a«  O'l^i  uuur  <  uwtktr<J  epftbelitun:  b  and  c,  profMu-  Anictur««)f 
the  mucous  meinbrajje,  conlaioJtig  elaatii!  Hbres  cui  acrt>8S  traosTeraely;  d,  silbmucuoas  Uwje 
oontAlniog^  niucNaiiii  gUtidfi,  r,  separated  from  ttie  hvaUne  cartik^,  g,  bjr  a  flue  HbrotLs  ijasue,/;  4, 
external  iovestmeut  of  fine  Ubmu»  tbisue.    (,S^  K.  AlcockJ  j 


one  for  eiich  lung  (fig,  203).  It  measures,  on  an  average,  four  or  four- 
aiul-u-hiilf  inches  in  length,  ixnd  from  three- quarters  of  an  inch  to  an 
inch  in  diameter^  and  is  eeseniially  n  tube  of  fihro-elaatic  membrane, 
within  the  layers  of  which  are  enclosed  a  series  of  cartilaginous  rings, 
from  sixteen  to  twenty  in  number.  These  rings  extend  only  around 
the  front  and  sides  of  the  trachea  (about  two-thirds  of  its  circumfer- 
ence), and  are  deficient  behind;  the  interval  between  their  posterior 
tjxtreniities  being  bridged  over  by  a  continuation  of  the  fibrous  mem- 
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e  in  which  they  are  closed  (fig.  204).     The  cartilages  of  the  trachea 
d  brouchiul  tubes  are  of  tbe  hyulioe  viiriety. 

ImrDediately  within  this  tube,  at  the  back,  is  a  layer  of  unstriped 
oscular  fibres,  which  extends,  transverseltf,  between  the  ends  of  the 
rtilaginous  rings  to  which  they  arc  attached,  and  opposite  the  iiiter- 
Is  between  them,  alsoj  their  evident  function  being  to  diminish,  when 
uired,  the  Ciilibre  of  the  tmchea  t>y  approximating  the  ends  of  the 
Ttilages.  Outside  there  are  a  few  hngiiudinnl  bundles  of  muscular 
e»  which,  like  the  preceding,  are  attached  both  tu  the  iibrons  and 
rtilaginous  framework. 

The  mucous  membrane  consists  to  a  great  extent  of  adenoid  tissue, 
ipmrHted  from  the  stratified  columnar  epithelium  which  lines  it  by  a 
iamogeneous  basement  memhrane.  This  is  penetrated  here  and  there 
ly  channels  which  connect  the  adenoid  tissue  of  the  mucosa  with  the 
tercellular  substance  of  the  epilhelinm.  The  stratified  columnar 
epithelium  is  formed  of  several  layers,  of  which  the  most  superficial  layer 
ciliated,  and  is  often  branched  downward  to -join  connective  tissue 
rpuscles;  while  between  these  bninchcd  eells  are  smaller  elongated 
Us  prolonged  up  toward  the  surface  and  down  to  the  basement  mem- 
brane. Beneath  these  are  one  or  more  layers  of  more  irregularly'shaped 
Us.  Many  of  the  superficiul  cells  arc  of  the  goblet  variety.  In  the 
eeper  part  of  the  mucosa  are  many  chistic  filires  between  which  lie 
nnective-tissue  corpuBcles  and  capillary  blood-vessels. 

Numerous  mucous  glands  are  situated  on  the  exterior  and  in  the 
betance  of  the  fibrous  framework  of  the  tracheji ;  their  ducts  perforat- 
ing the  various  structures  which  form  the  wall  of  the  trachea,  and  open- 
ing through  the  mucous  membrane  into  the  interior. 

The  two  bronchi  into  which  the  trachea  divides,  of  which  the  right 
is  shorter,  broader,  and  more  horizontal  than  the  left  (fig.  W2),  resem- 
ble tbe  trachea  exactly  in  structure,  with  the  difference  that  in  them 
there  is  a  distinct  layer  of  unstriped  muscle  arranged  circularly  beneath 
the  mucous  membrane,  forming  the  tfiuHfuIarij^  mueo.iw.  On  entering 
the  substance  of  the  lungs  the  cartilaginous  rings,  although  they  still 
form  only  larger  or  smaller  eegments  of  a  circle,  are  no  longer  confined 
the  front  and  sides  of  the  tubes,  but  are  distributeii  impartially  to  all 
parts  of  their  circumference. 

The  bronchi  divide  and  subrlivide,  in  the  substance  of  the  lungs, 
into  a  number  of  smaller  and  smaller  branciies,  which  penetrate  into 
every  part  of  the  organ,  until  at  length  they  end  in  the  smaller  sub- 
divisions of  tbe  lungs,  called  lohvhs. 

All  the  larger  branches  have  walls  formed  of  tough  membrane,  con- 
taining portions  of  cartilaginous  rings,  by  which  they  arc  held  open,  and 
nstriped  muscular  fibres,  as  well  as  longitudinal  bundles  of  elastic  tis- 
sue.    They  are  lined  by  mucous  membrane,  the  surface  of  which,  like 
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that  of  the  larynx  and  tracheft^  is  covered  with  ciliated  epiibelium,  i 
the  geveml  layers  become  Itiss  and  less  distinct  until  the  lining  col> /^ 
of  a  i^ingle  layer  of  more  or  less  cubical  cells  covered  with  cilia  (fig.  206i. 
The  mucous  membrane  is  abundiintly  provided  with  mueotis  glands. 

As  the  bronchi  become  smaller  and  smaller,  and  their  walls  tbinntr, 
the  cartilaginous  rings  become  scarcer  and  more  irregular,  until,  intb 
smaller  bronchial  tubes,  they  arc  represented  only  by  minute  and  scat- 
tered cartilaginous  fiakes.  And  when  the  bronchi,  by  euccessire  branchei 
are  reduced  to  about  |V  ^^  ^^  'i^ch  (.6  mm,)  in  diameter,  they  lose  their 
cartilaginous  element  altogether,  and  their  walls  are  formed  onl^^ofi 
tough  fibrous  elastic  membrane,  with  circular  muscular  fibres:  thejare 
still  lined,  however,  by  a  thin  mucous  membrane,  with  ciliated  epitbe^ 
litim,  the  length  of  the  cells  bearing  the  cilia  having  become  so  far 
diminished  that  the  cells  are  now  almost  cubical*     In  the  smaller  hron- 
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Tranffrers^  t^ecdoti  of  a  broivchiis.  about  14  iocb  tn  diameter,  e^  Epitbelium  (jcJUftttiT); 


diately  beneath  It  i»  the  imjcoiis  mecjliratu^  ct  iDti^roal  flbr-oiis  layer,  of  voo'inp 
liar  layer;  ».  m,  siibmuoom  tissue  ^.flbroiui  Us8ue;  c,  cartilA^e  encloawi  wic. 
of  fibrous  tissue ;  g^  tiiucouB  gland. 


thicknej 


miiCMHtbir  layer ;  a.  m,  mhmiioaim  OssuerV,  flbroiui  Us8ue;  c,  cartilage  eau^omd  wichio  Lbelajtrs 
'      *     CF*  E.  Scbtitoe.^ 
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chi  the  circular  muscular  fibres  are  relatively  more  abundant  than  in 
the  larger  bronchi,  and  form  a  distinct  circular  coat,     • 

lite  Lungs  and  Phurcp, — The  Lungs  occupy  the  greater  portion  of 
the  thorax.  They  are  of  a  spongy  elastic  texture,  and  on  section  appear 
to  the  nuked  eye  as  if  they  were  in  great  part  solid  organs,  except  here 
and  there,  at  certain  points,  where  branches  of  the  bronchi  or  air-tubes 
may  have  been  cut  across,  and  show,  on  the  surface  of  the  section,  their 
tubular  structure.  In  fact^  however,  the  lungs  are  hollow  organs,  each 
of  which  communicates  by  a  separate  orifice  with  a  common  air-tube, 
the  trachea. 

Each  lung  is  enveloped  by  a  serous  membrane — the  pleura^  one  layer 
of  which  adheres  closely  to  its  surface,  and  provides  it  with  its  smooth 
and  slippery  covering,  while  the  other  adheres  to  the  inner  surface  of 
the  chest-walh  The  continuity  of  the  two  layers.,  which  form  a  close*! 
SJic,  as  in  the  case  of  other  serous  membraues,  will  be  best  understood 
bj  reference  to  fig.  20C.     Tlie  appearance  of  a  space,  howerer,  between 
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^pleora  which  covers  the  lung  (vhcertfl  layer),  and  that  wliicb  lines 

inner  surface  of  the  chest  (parietal  layer),  is  inserted  in  the  draw- 

only  for  the  sake  of  distinctness.     These  layers  are,  in  healthy  every- 

Jwhere  in  contact,  one  with  the  other;  and  between  them  is  only  just  so 

Imueh  fluid  as  will  iosure  gliding  easily,  in  their  ex|Minsion  and  contruc* 

lion,  on  the  inner  surface  of  the  parietal  layer,  which  lines  the  chcst- 

[Wsill,     While  considering  the  subject  of  normal  respiration,  we   may 

discard  altogether  the  notion  of  the  existence  of  any  space  or  cavity, 

between  the  lungs  and  the  wall  of  the  chest. 

If,  however,  an  opening  be  made  so  as  to  permit  air  or  fluid  to  enter 
the  pleunil  sac,  the  lung»  in  virtue  of  its  elasticity,  recoils,  and  u  eonsid- 
emble  space  is  left  between  it  and  the  chest-wall.  In  other  words,  the 
natural  elasticity  of  the  lungs  would  cause  them  at  all  times  to  contract 


Ftg.  W6.  —Trtinsvcme  section  of  tlie  clwsL 


•way  froni  the  ribs  were  it  not  that  the  contraction  is  resisted  by  atmos- 
pheric pressure  which  bears  only  on  the  iiuter  surface  of  the  air-tubes 
and  air-cells.  On  the  admission  of  air  into  the  pleural  sac,  atmospheric 
pressure  bears  alike  on  the  inner  and  outer  surfaces  of  the  lung,  und 
their  elastic  recoil  is  thus  no  longer  prevented. 

The  pulmonary  pleura  consists  of  an  outer  or  denser  layer  and  an 
inner  looser  tissue.  The  former  or  pleura  proper  consists  of  dense 
fibrous  tissue  with  elastic  fibres,  covered  by  endothelium,  the  cells  of 
which  are  large,  flat,  hyaline,  and  transparent  when  the  lung  is  ex- 
panded, but  become  smaller,  thicker,  and  granular  when  the  lung  coL 
bpsea.  In  the  pleura  is  a  lymph-canaliculur  system;  and  connective 
tissue  corpuscles  are  found  in  the  flbrous  tissue  which  forms  its  ground- 
work. The  inner,  looser,  or  suh-pleural  tissue  contains  lamella?  of  fibrous 
connective  tissue  and  connective-tissue  corpuscles  between  them.  Nu- 
merous lymphatics  are  to  be  met  with,  which  form  a  dense  plexus  of 
Tessels,  many  of  whi«h  contain  valves.     They  are  simple  endothelial 
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tabes,  and  take  origiu  in  the  lymph-canalictilar  eygtem  of  the  plena 
proper.  Scattered  bundles  of  unstriped  mascular  fibre  occur  in  the 
pulmonary  pleura.  Tliey  are  efipeciaily  strongly  developed  on  the  an. 
terior  and  internal  surfaces  of  the  lungs,  the  parts  which  more  mm 


Fijf.  a07.— Ciliary  epltheltum  of  the  human  trachea,    o,  Lajrer  of  l">  am«it*J  ekaic 

Qbres  ;  b,  baaement  m<^fn<br&E>e  ;  c  deepest  eells^  ctrciilar  in  form  :  rf,  i-  *  eloDj^ited  oetli: 

r^  outermofit  ]a|-er  of  c^elb  fully  dev?lop«»d  and  beariug  cilia,    \  fl&O.    iK ■  ..^^^  * 

freely  in  respiration :  their  function  is  doubtless  to  aid  in  expiratioiL 
The  structure  of  the  parietal  portion  of  the  pleura  is  very  simibr  to 
that  of  the  visceral  layer. 

Each  lung  ia  partially  subdivided  into  separate  portions  called  ii^he^; 
the  right  lung  into  three  lobes,  and  the  left  into  two.  Each  of  these 
lobes,  again,  is  composed  of  a  large  number  of  minnte  parts,  called  M*- 


^-^^ 


Fig.  aoa— Termiual  oranch  cCn  bronchial  tube,  with  ius  iiiftitidlbulaaDd  air-cells,  from  the  mar* 
ICin  of  the  lunjf  of  a  monkey,  injecttHl  with  quicksilver,  o.  Terminal  bronchial  twix;  h  b.  Inf  Uttdibuk 
aud  air-cells,     X  lU.    (F.  E  Scliiilzcj 

Fig.  300.— Two  small  infundiliula  or  groups  of  air-cells,  a  a,  with  tfircella,  b  fc,  and  the  ultimalft 
bronchial  tube»»  c  c,  with  which  the  alr-cella  comtnubicata.    From  a  new-bom  child.    CKfillikir.) 

flies.  Each  pulmonary  lobule  may  be  considered  to  be  a  lung  in  minia- 
ture, consisting,  as  it  does,  of  a  bnincb  of  the  bronchial  tube,  of  air-cells, 
blood -vessels^  nerves,  and  lymphatics,  with  a  sparing  amount  of  areolar 
tissue. 
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On   entering  a  lobule,  the  small   bronchial   tube,  the  stracture  of 

rUch  has  been  jnst  described  (tt^  fig,  208),  divides  and  subdivides;  its 

Ik  at  the  same  time  becoming  thinner  and  thinner,  until  at  length 

bey  are  formed  only  of  a  thin  membrane  of  areolar  and  elastic  tissue, 

led  by  a  layer  of  equamous  epithelium,  not  provided  with  cilia*     At 

lie  same  time,  they  are  altered  in  shape;  each  of  the  minute  terminal 

bninches  widening  out  funnel-wise,  and  its  walls  being  pooched  out 

regularly  into  small  saccular  dilatations,  called  air-ctils  (fig.  2Q8,  b). 

Such  a  funnel-shaped  terminal  branch  of  the  bronchial  tube^  with  its 
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)*f^.  2J0.— FTom  a  B*?c'ti«)n  of  the  lun^  of  ft  cat,  «taltie<l  with  Hiivrr  iDtruT*'.  a.  I).  Alveolar  (luct  or 
InUn m>A] ular  pASfUM? e.  fc*.  A 1  vfH>lii r  «eptiL  K.  Ai veoU  or  air-i:el]«,  I in*^!  w it h  \iirg(L^  tlat,  n ii e Jeat*?* I  ce I Ija, 
vrith  4i)ime  smaller  po{yh^lral  micUsfitpd  cplli.  M,  UtislripeHii  DiueH.'isiIar  flbrieik  riretjlar  musoular 
Abres  *re  seeo  smroimadiK  ilielut^Tiiir  of  the  alrt^oLar  duct,  and  at  one  tiart  ini  i>een  a  ^oup  uf  tinmli 
poljliQitnil  cells  txmUmiod  froin  the  bronchus.    CKltiu  and  Nuhle  Smith,  i 
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group  of  pouches  or  air-cells,  has  heen  called  an  infundibidum  (figs.  208^ 
209),  and  the  irreguhir  ohlong  space  in  its  centre,  with  which  the  air- 
cells  communicate,  an  interreUular  prmmge. 

The  air-cells^  or  air-vesicles,  may  be  placed  singly*  like  recesses  from 
the  intercelluhir  passage,  but  more  often  they  are  arranged  in  groups  or 
even  in  rows,  like  minute  sacculated  tubes;  so  that  a  short  series  of  ves- 
icles, all  communicating  with  one  another,  open  by  a  common  orifice 
into  the  tube.  The  vesicles  are  of  various  fornis,  according  to  the 
mutual  pressure  to  which  they  are  subject;  their  walla  are  nearly  in 
contact,  and  they  vary  from  -j*^  to  ^^  of  an  inch  (.5  to  .3  mm,)  in  diam- 
eter.     Their  walls  are  formed  of  fine  membrane^  similar  to  that  of  the 
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intercellnlar  pagsnges,  and  continuous  with  it,  which  membrane  15  iU^ 
on  itself  so  as  to  lorni  a  shnrp-edged  border  at  each  eircuLar  oriJiceof 
oommuniciition  between  contigiioua  air-vesicles,  or  between  the  veaclei 
and  the  broncliial  passages.  Numerous  fibres  of  ehistic  tissoe  are  spread 
out  between  contiguous  air-cells,  and  many  of  these  are  attached  to  \\i% 
outer  surface  of  the  fine  membrane  of  which  each  cell  te  composed,  im- 
parting to  it  additional  strength,  and  the  power  of  recoil  after  dislfu. 
tion.  The  cells  are  lined  by  a  layer  of  epithelium  (fig.  210),  not  pn>. 
vided  with  cilia.  Outside  the  cells,  a  network  of  pulmonary  capillaritt 
IB  spread  out  so  densely  (fig.  211)  that  the  interspaces  or  meshes  un 
even  narrower  than  the  vessels,  which  are,  on  an  average,  jjf^^  of  u, 
inch  (8/t)  in  diameter.  Between  the  atmospheric  air  in  the  cells  and 
the  blood  in  these  vesseb,  nothing  intervenes  but  the  thin  walls  of  ihe 
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Ftg.  2n.— Caplilii4*y  nt^twork  of  the  puluiouary  bloodvetiseb  in  the  huniao  lun^.  X  fiO.  rKflUltar ) 

cells  and  capillaries;  and  the  exposure  of  the  blood  to  the  air  is  the 
more  complete,  because  the  folds  of  membrane  between  contiguous 
cells,  and  often  the  spaces  between  the  walls  of  the  same^  contain  only  a 
single  layer  of  capillaries,  both  sides  of  which  are  thus  at  once  exposed 
to  the  air. 

The  air-vesicles  situated  nearest  to  the  centre  of  the  lung  are  smaller 
and  their  networks  of  capillaries  are  closer  than  those  nearer  to  the  cir- 
cumfGrence.  The  vesicles  of  adjacent  lobules  do  not  communicate:  and 
those  of  the  same  lobule  or  proceeding  from  the  same  intercellular  pas- 
sage,  do  so  as  a  general  rule  only  near  angles  of  bifurcation;  so  that, 
when  any  bronclnul  tube  is  closed  or  obstructed^  the  supply  of  air  is  lost 
for  all  the  cells  opening  into  it  or  its  branches. 

BIood-sjtppii/,^*The  lungs  receive  blood  from  two  sources^  (a)  the 
pulmonary  artery,  (/>)  the  bronchial  arteries.  The  former  conveys  i^nous 
blood  to  the  lungs  for  its  urterializaiiOfif  and  this  blood  takes  no  share 
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in  the  nutrition  of  the  pnlmonary  tissues  through  which  it  passes,  (b) 
The  branches  of  the  bronchial  arteries  ramify  for  nutrition's  sake  in  the 
Walls  of  the  bronchi^  of  the  larger  pulmonary  vessels,  in  the  interlobular 
oonnective  tissue,  etc.;  the  blood  of  the  bronchial  vessels  being  returned 
ehiefly  through  the  bronchial  and  partly  through  the  pulmonary  veins. 

Lymphatics.— The  lymphatics  are  arranged  in  three  sets: — 1.  Irreg- 
ular lacunsB  in  the  walls  of  the  alveoli  or  air-cells.  The  lymphatic 
▼easels  which  lead  from  these  accompany  the  pulmonary  vessels  toward 
the  root  qf  the  lung.  2.  Irregular  anastomosing  spaces  in  the  walls  of 
the  bronchi.  3.  Lymph-spaces  in  the  pulmonary  pleura.  The  lym- 
phatic vessels  from  all  these  irregular  sinuses  pass  in  toward  the  root 
of  the  lung  to  reach  the  bronchial  glands. 

Nerves. — The  nerves  of  the  lung  are  to  be  traced  from  the  anterior 
and  posterior  pulmonary  plexuses,  which  are  formed  by  branches  of  the 
▼agus  and  sympathetic.  The  nerves  follow  the  course  of  the  vessels  and 
bronchi,  and  in  the  walls  of  the  latter  many  small  ganglia  are  situated. 

The  Respiratory  Mechanism. 

Respiration  consists  of  the  alternate  expansion  and  contraction  of 
the  thorax,  by  means  of  which  air  is  drawn  into  or  expelled  from  the 
lungs.     These  acts  are  called  Inspiration  and  Expiration  respectively. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  that  is 
necessary  is  such  a  movement  of  the  side-walls  or  floor  of  the  chest,  or 
of  both,  that  the  capacity  of  the  interior  shall  be  enlarged.  By  such 
increase  of  capacity  there  will  be  of  course  a  diminution  of  the  pressure 
of  the  air  in  the  lungs,  and  a  fresh  quantity  will  enter  through  the 
larynx  and  trachea  to  equalize  the  pressure  on  the  inside  and  outside 
of  the  chest. 

For  the  expiration  of  air,  on  the  other  hand,  it  is  also  evident  that, 
by  an  opposite  movement  which  shall  diminish  the  capacity  of  the  chest, 
the  pressure  in  the  interior  will  be  increased,  and  air  will  be  expelled, 
until  the  pressure  within  and  without  the  chest  are  again  equal.  In  both 
cases  the  air  passes  through  the  trachea  and  larynx,  whether  in  entering 
or  leaving  the  lungs,  there  being  no  other  communication  with  the  ex- 
terior of  the  body;  and  the  lung,  for  the  same  reason,  remains  under  all 
the  circumstances  described  closely  in  contact  with  the  walls  and  floor 
of  the  chest.  To  speak  of  expansion  of  the  chest,  is  -to  speak  also  of  ex- 
pansion of  the  lung. 

We  have  now  to  consider  the  means  by  which  the  respiratory  move- 
ments afe  effected. 

Inspiration. — The  enlargement  of  the  cnest  in  inspiration  is  a 
muscular  act;  the  effect  of  the  action  of  the  inspiratory  muscles  being 
an  increase  in  the  size  of  the  chest-cavity  {(t)  in  the  vertical,  and  {b) 
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in  the  lateral  and  antero-posterior  diameters.  The  muscles  engaged  in 
ordinary  inspiration  are  the  diapiiragm;  the  external  in tercostals;  paru 
of  the  internal  intercostals;  the  levatores  costamm;  and  serratng  pos- 
ticus superior. 

(a.)  The  vertical  diameter  of  the  chest  is  increased  by  the  contractjon 
and  consequent  descent  of  the  diaphragm — the  sides  of  the  muscle  de> 
scending  most,  and  the  central  tendon  remaining  comparatiTcly  unmoTed 
while  the  intercostal  and  other  muscles^  by  acting  at  the  same  time,  pre- 
vent the  diaphragm,  during  its  contraction,  from  drawing  in  the  sides 
of  the  chest. 

ip.)  The  increase  in  the  lateral  and  anter<hpo8terior  diameters  of  the 
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Fi-.  312  —Diagram  of  axes  of  movement  of  ribs. 

chest  is  effected  by  the  raising  of  the  ribs,  the  greater  number  of  which 
are  attached  very  obliquely  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the  sides 
— the  hinder  ends  being  prevented  from  performing  any  upward  move- 
ment by  their  attachment  to  the  spine.  The  movement  of  the  front 
extremities  of  the  ribs  is  of  necessity  accompanied  by  an  upward  and 
forward  movement  of  the  sternum  to  which  they  are  attached,  the  move- 
ment being  greater  at  the  lower  end  than  at  the  upper  end  of  the  latter 
bone. 

T/ie  axes  of  rotation  in  these  movements  are  two;  one  corresponding 
with  a  line  drawn  through  the  two  articulations  which  the  rib  forms 
with  the  spine  (a,  b,  fig.  212) ;  and  the  other  with  a  line  drawn  from  one 
of  these  (head  of  rib)  to  the  sternum  (A  B,  fig.  212);  the  motion  of  the 
rib  around  the  latter  axis  being  somewhat  after  the  fashion  of  raising 
the  handle  of  a  bucket. 
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The  elevation  of  the  ribs  is  accompanied  by  a  slight  opening  out  of 
angle  which  the  bony  part  forms  with  its  cartilage  (fig.  213^  A); 
id  thus  an  additional  means  is  provided  for  increasing  the  antero- 
^poaterior  diameter  of  the  chest. 

The  muscles  by  which  the  ribs  are  raised,  in  ordinary  quiet  inspira- 
tioBt  are  exleryuil  intercostals,  and  that  portion  of  the  internal  intercostah 
vhich   is  situate  between  the  costal  cartilages;  and  these  are  assisted 
by  the  levafores  costarum,  and  the  serratus  posticus  superior.    The  ac- 
tion of  the  hvatores  and  the  serratus  is  very  simple.     Their  fibres,  aris- 
ing from  the  spine  as  a  fixed  point,  pass  oBliquely  downward  and  for- 
ward to  the  ribs,  and  necessarily  raise  the  latter  when  they  contract. 
The  action  of  the  intercostal  muscles  is  not  quite  so  simple,  inasmuch 
aSy  passing  merely  from  rib  to  rib,  they  seem  at  first  sight  to  have  no 


Fig.  313.— Diafcnun  of  movement  of  a  rib  in  inspiration. 

fixed  point  toward  which  they  can  pull   the  bones  to  which  they  are 
attached. 

In  tranquil  breiithing,  the  expansive  movements  of  the  lower  part  of 
the  chest  are  greater  than  those  of  the  upper.  In  forced  inspiration, 
on  the  other  hand,  the  greatest  extent  of  movement  appears  to  bo  in 
the  upper  antero-posterior  diameter. 

In  extraordinary  or  forced  inspiration,  as  in  violent  exercise,  or  in 
cases  in  which  there  is  some  interference  with  the  due  entrance  of  air 
into  the  chest,  and  in  which,  therefore,  strong  efforts  are  necessary,  other 
muscles  than  those  just  enumerated,  are  pressed  into  the  service.  It  is 
very  difficult  or  impossible  to  separate  by  a  hard  and  fast  line  the  so- 
called  muscles  of  ordinary  from  those  of  extraordinary  inspiration;  but 
there  is  no  donbt  that  the  following  are  but  little  used  as  respiratory 
agents,  except  in  eases  in  which  unusual  efforts  are  required— the  scaleni 
mnsdesy  the  stemamastoid,  the  serratus  magnus,  the  pectorales,  and  the 
trapezius. 
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The  eTpansion  of  the  chest  in  inspiration  presents  some  pccnliaritia 
in  different  {lersons.  In  yonng  children,  it  is  effected  chiefly  bj  the 
diaphragm,  which  being  highly  arched  in  expiration,  becomes  flatter « 
it  contract?,  and,  descending,  presses  on  the  abdominal  viscera,  and 
pushes  forward  the  front  walls  of  the  abdomen.  The  movement  of  tbe 
ab<]ominal  walls  being  here  more  manifest  than  that  of  any  other  ptrt, 
it  is  ui^ual  to  call  this  the  abdoftiinal  type  of  respiration.  In  men,  to- 
gether with  the  descent  of  the  diaphragm,  and  the  pnshing  forward  of 
the  front  wall  of  the  alxlomen,  the  chest  and  the  sternum  are  subject  to 
a  wide  movement  in  inspiration  {inferior  cofttal  type).  In  women,  the 
movement  appears  less  extensive  in  the  lower,  and  more  so  in  the  upper, 
part  of  the  chest  (Mtijtrrior  coxial  type). 

Expiration. — From  the  enlargement  produced  in  inspiration,  the 
chest  and  lungs  return  in  ordinary  tranquil  expiration,  by  their  elastic- 
ity; the  force  employed  by  the  inspiratory  muscles  in  distending  the 
chest  and  overcoming  the  elastic  resistance  of  the  lungs  and  chest-walls, 
being  returned  as  an  expiratory  effort  when  the  muscles  are  relaxed. 
This  elastic  recoil  of  the  chest  and  lungs  is  sufficient,  in  ordinary  quiet 
breathing,  to  expel  air  from  the  lungs  in  the  intervals  of  inspiration, 
and  no  muscular  power  is  required.     In  all  voluntary  expiratory  efforts, 
however,  as  in  speaking,  singing,  blowing,  and  the  like,  and  in  many  in- 
voluntary actions  also,  as  sneezing,  coughing,  etc.,  something  more  than 
merely  passive  elastic  power  is  necessary,  and  the  proper  expiratory 
muscles  are  brought  into  action.     By  far  the  chief  of  these  are  theal>- 
doniinal  muscles,  which,  by  pressing  on  the  viscera  of  the  abdomen, push 
up  the  iloor  of  the  chest  formed  by  the  diaphragm*  and  by  thus  making 
pressure  on  tlui  lungs,  expel  air  from  them  through  the  trachea  and 
larynx.     All  niuscles,  however,  which  depress  the  ribs,  must  act  also  as 
musrles  of  expiration,  and  therefore  we  must  conclude  that  the  abdom- 
inal muscles  arc  assisted  in  their  action  by  the  greater  part  of  the  infer- 
iinl  intercostals,  the  triantjularin  sferniyihQ  serratus  posfirus  inferior 
and  (/}tndrtitns  Inmhurinn,     When  by  the  efforts  of  the  expiratory  mu8- 
cl(»s,  the  clicst  has  been  squeezed  to  less  than  its  average  diameter,  it 
again,  on  relaxation  of  the  muscles,  returns  to  the  normal  dimensioiiB 
by  virtue  of  its  elasticity.     The  construction  of  the  chest-walls,  there- 
fore, admirably  adapts  them  for  recoiling  against  and  resisting  as  well 
undn(i  contraction  as  undue  dilatation. 

In  the  naturjd  condition  of  the  parts  the  lungs  can  never  contract 
to  the  utmost,  but  are  always  more  or  less  "on  the  stretch,"  being  kept 
closely  in  contact  with  the  inner  surface  of  the  walls  of  the  chest  by 
cohesion  as  well  as  by  atmospheric  pressure,  and  can  contract  away  from 
these  only  when,  by  some  means  or  other;  as  by  making  an  opening  into 
the  pleural  cavity,  or  by  the  efTusion  of  fluid  there,  the  pressure  on  the 
exterior  and  interior  of  the  lungs  becomes  equal.     Thus,  under  ordinary 
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^uiu^tancea^  the  degree  of  eontractioii  or  tlilatation  of  the  lungs  is 
Bndeat  on  that  of  the  bouivdMry  wnlls  of  the  chest,  the  outer  surface 

the  one  being  in  close  contact  with  the  inner  surface  of  the  other, 
obliged  to  follow  it  in  all  its  nioYements. 


Methods  of  recording  Respiratory  Movements. 

The  moTemeiite  of  respiration  miiy  Ix^  recorded  jG^ra pi li rally  in  several  waja» 
b*»  r>r»1inary  niethrwl  is  Ui  intriwiuco  a  tuhe  iut«>  the  trarhea  of  an  animal,  and 
ci.»nne<*l  thiH  tube  liy  some  giitta  [icrc'ha  luljin^  with  a  T  pie<.'e  intrtKJm  etl 
the  cork  of  a  la rj?e-, sieved  l-Kittle,  the  oiln-r  entl  oi  Ihe  T  having;  atlaehed  ti> 
tM^'omi  piece  of  lulling,  wUieh  ran  remain  c»|M'n  or  fan  U*  (nirtially  nr 
rtpletely  closed  by  means  of  a  screw  clanip.  Int4»  tlu'  c<prk  ia  inserted  a  sec- 
I  piece  of  glass  tubing  cotinecteil  witli  a  Mareys  tambonr  by  sui  table  tubing, 
his  second  tube  communicatejs  any  altenition  of  the  pressure   in  the  bc»ttle  of 


FifC-  214.— StWbofrniph  or  PiieuiiiogrAph 
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ft»  mmbour  flxe<l  at  rl^ht  ambles  to  plate  of  ateelf ; 
c  AAd  d,  Arms  by  wliicb'  lostninipiit  iRfttiaehe+J  tr*  chest  by  bt'lt  *■.  WUeti  the  elif^l  e^cpnndK,  ine 
axTUft  are  pulled  Asunder,  whicti  hends  the  ste^l  elate,.  &.m\  tlie  tambcuir  ii^  iifTei't^^i  by  the  preasiire 
Of  h  which  is  attmcbe'l  \*x  it  fm  Ihe  one  hnntl,  ftml  to  the  upright  in  connection  with  horixniimi  screw 


tambour,  and  tliis  may  be  made  to  write  on  a  recording  surface  (fig. 
3).  If  the  tube  attacheil  to  the  T  piece  l>e  i  Uisetl  the  niovements  of  inspira- 
tinn  and  expiratiim  are  larger  than  if  it  were  closed.  The  alteratitm  of  tbe 
pressure  within  thf"  lungs  on  inspiration  and  t'X[nration  in  shmvu  by  the  nn»ve- 
ment  of  the  cokinui  of  air  in  the  trachea.  By  those  means  a  record  of  the 
respiratory  niovtnnents  may  l>e  obtaine<L 

Varicius  instrunienta  for  recording  the  movements  t»f  the  chest  by  ajipJi ca- 
tion of  apparatus  tt>  tbe  exterior.  Such  is  the  stethometer  of  BnrUm  JSauder- 
•on.  This  consists  of  a  frame  formed  of  two  parallel  steel  bars  joined  hy  a 
Ibinl  at  one  end.  At  the  free  end  of  the  bars  is  attaclied  a  leather  strap,  by 
means  of  which  the  apparatus  may  be  sns|>ended  frc>m  the  neck.  Attached  to 
tli6  inner  end  of  ime  bar  is  a  tand>our  anil  ivory  button,  to  the  end  r>f  the 
other  an  ivory  button-  When  in  use,  the  a[*jiarattis  in  snsj>eriil*^i1  with  the 
transverse  liar  iw>ateriorty.  the  button  of  the  tatiilwitir  is  placed  on  tbe  part  of 
tbe  chest  tbe  movement  of  wliich  it  ia  desired  to  record,  and  the  other  button 
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is  made  to  press  upon  the  oorrespooding  side  of  the  chest,  so  that  the  chest  is, 
as  it  were,  held  between  a  pair  of  calipen.  The  tambour  is  connected  bj 
tubing  and  a  T  piece  with  a  recording  tambour  of  Marey*s,  and  with  a  btD, 
by  means  of  which  air  can  be  squeeeed  into  the  cavity  of  the  tympafium. 
When  in  work  the  tube  connected  with  the  air  ball  is  shut  oft  by  means  of  a 
screw  clamp.  The  movement  of  the  chest  is  thus  communicated  to  the  recordii^ 
tamlx>ur. 

A  simpler  form  of  this  apparatus,  called  a  pnenmograph  or  stethograph, 
couMiftting  of  a  thick  India-rubber  bag  of  elliptical  shape  about  three  inches 
lr»ng.  to  one  end  of  which  a  rigid  gutta-percha  tube  is  attached.  This  ha^ 
may  lie  fixed  at  any  rec^uired  place  on  the  chest  by  means  of  a  strap  and  budLle. 
By  means  of  the  gutta-percha  tube  the  variations  of  the  presasure  of  air  in  tlie 
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FiR.  *15.  — Stethonieter.    ( Burden  SaodersoD.) 


bag  produced  by  ihv  movements  of  tlio  chest  are  communicated  to  a  recording 
tjimlM)ur.  Tbis  apparatus  is  a  simplified  form  of  Marey's  pneumograph  (fig. 
214). 

Tbe  variations  of  intrapleural  pressure  may  be  recorded  by  the  introducton 
of  a  canula  into  tbe  pleural  or  pericardial  cavity,  which  is  connected  with  a 
mercurial  manometer. 

Finally,  it  lias  l)een  found  possible  in  various  ways  to  record  the  dia- 
pbragmatit!  movements  by  tlie  insertion  of  an  elastic  bar  connected  with  a 
tiimbour  into  tlie  abdomen  below  it  (phrenograph) ,  by  the  insertion  of  needles 
into  different  parts  of  its  structure,  or  by  recording  the  contraction  of  isolated 
strips  of  tbe  diapbragm. 

The  acts  of  expansion  and  contraction  of  the  chest  take  up  under 
ordinary  circumstances  a  nearly  eqnal  time.    The  act  of  inspiring  air, 
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rever,  especially  in  women  and  children,  is  a  little  shorter  than  that 
expelling  it,  and  there  is  commonly  a  very  slight  pause  between  the 
of  expiration  and  the  beginning  of  the  next  inspiration.    The  res- 
Jfixmtory  rhythm  may  be  thus  expressed : — 


Inapiraticn 
Expiration 


6 

7  or  8 


A  very  slight  pause. 


If  the  ear  be  placed  in  contact  with  the  wall  of  the  chest,  or  be  scp- 
nuted  from  it  only  by  a  good  conductor  of  sound  or  stethoscope,  a  faint 
fupiratory  murmur  is  heard  during  inspiration.    This  sound  varies 
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Flff.  218.— Traciiig  of  the  normal  diaphragm  respirations  of  rab)){t.    a,  with  quick  movement  of 
~     -.    — .-.-   -.  .  .       ...  ...  ».    .  .  ^^      ...... . 


6,  with  Blow  movement.    J,  inspiration,  b,   expiration.     To  be  read  irom  left  to  right 
(]Urckwmkl.> 

flomewhat  in  different  parts — being  loudest  or  coarsest  in  the  neighbor- 
hood of  the  trachea  and  large  bronchi  (tracheal  and  broncliial  breathing), 
and  fading  off  into  a  faint  sighing  as  the  ear  is  placed  at  a  distance  from 
these  (vesicular  breathing).  It  is  best  heard  in  children,  and  in  them 
a  faint  murmur  is  heard  in  expiration  also.  The  cause  of  the  vesicular 
murmur  has  received  various  explanations.  Most  observers  hold  that 
the  sound  is  produced  by  the  friction  of  tlie  air  against  the  walls  of  the 
alveoli  of  the  lungs  when  they  are  undergoing  distention  (Laennec, 
Skoda),  others  that  it  is  due  to  an  oscillation  of  the  current  of  air  as  it 
enters  the  alveoli  (Ghauveau),  while  others  believe  that  the  sound  is 
produced  in  the  glottis,  but  that  it  is  modified  in  its  passage  to  tho 
pulmonary  alveoli  (Beau,  Oee). 

Respiratory  movements  of  the  Nostrils  and  of  the  Glottis.— During 
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the  action  of  the  moBi^lei  vbich  directlv  draw  air  into  the  chest,  those 
which  gnanl  the  of^ening  throogh  which  it  enters  are  not  passive,  h 
harrier]  l^reathing  the  iuninctive  diktation  of  the  nostrils  is  well  seen, 
although  under  ordinary  conditions  it  may  not  be  noticeable.  The 
oj>ening  at  the  upper  {lart  of  the  larynx,  howerer,  or  rima  glottidis,  b 
dilated  -jt  €s*ch  inspiration  for  the  more  ready  passage  of  air,  and  be- 
comexf  smaller  at  each  expiration;  its  condition,  therefore,  corresponding 
during  reepiration  with  that  of  the  walls  of  the  chest.  There  is  a  fur- 
ther likeness  Wtween  the  two  acts  in  that,  under  ordinary  circnmston- 
cei!,  the  diLitation  of  the  rima  glottidis  is  a  masenlaract  and  its  contrac- 
tion chiefly  an  elaetir-  recoil;  although,  under  Tarions  conditions  to  be 
liereafter  mentioned,  there  may  be  in  the  latter  considerable  muscular 
power  exerciftCii. 

Terms  used  to  express  Quantity  of  Air  breathed. — a.  Brealk- 
imj  or  tidal  air,  is  the  quantity  of  air  which  is  habitually  and  almost 
uniformly  changed  in  each  act  of  breathing.  In  a  healthy  adult  m:;n 
it  is  aliout  :30  cubic  inches,  or  about  500  ccm.,  or  half  a  litre. 

b.  Comjfhmentnl  air,  is  the  quantity  over  and  above  this  which  t.n 
be  drawn  into  the  lun^s  in  the  deepest  inspiration;  its  amount  varies, 
but  may  be  reckonded  as  100  cubic  inches,  or  about  1,600  ccm. 

c.  Uefterve  air. — After  ordinary  expiration,  such  as  that  which  expeh 
the  breathing  or  tidal  air,  a  certain  quantity  of  air,  about  100  cubic 
inches  (1, GOO  ccm.)  remains  in  the  lungs,  which  may  be  expelled  bja 
forcible  and  deeper  expiration.  This  is  termed  reserve  or  supplemental 
air. 

d.  lifsidiial  air  is  the  quantity  which  still  remains  in  the  lungsafter 
tlie  most  violent  expiratory  effort.  Its  amount  depends  in  grejit  meas- 
ure on  the  absolute  nize  of  the  chest,  but  may  be  estimated  at  about  W 
cubic  inches,  or  about  1,000  ccm.  to  2,000  ccm. 

The  total  quantity  of  air  which  passes  into  and  out  of  the  lungs  of 
an  adult,  at  rest,  in  ti4  hours,  is  about  686,000  cubic  inches.  This  quan- 
tity, however,  is  larircly  increased  by  exertion;  the  average  amount  for 
a  lijird-working  laborer  in  the  same  time  being  1,568,390  cubic  inches. 

c.  lif'spiralorii  (*tfjHn'if//.—T\\Q.  greatest  respiratory  capacity  of  the 
chest  is  in(li(!jite(l  by  the  quantity  of  air  which  a  person  can  expel  from 
his  lungs  by  a  forcible  expiration  after  the  deepest  inspiration  possible; 
it  ex[)ressos  the  power  which  a  person  has  of  breathing  in  the  emergen- 
cies of  a(!tive  exorcise,  violence,  and  disease.  The  average  capacity  of 
an  adult,  at  ir).4"  (■.  ((K)''  F.),  is  about  225  to  250  cubic  inches,  or  3,500 
to  4,000  ccm. 

Tlie  rvHpivaionj  ea])acity,  or  as  John  IIutchiDson  called  it,  vital  capacity, 
is  usually  measured  by  a  modiried  gasometer  or  spirometer,  into  which  the 
ex|)eiimeiiter  Incathrs.  — making  the  most  prolonged  expiration  possible  after 
ihe  (Uu^M'Ht  posHible  inspiration.     The  quantity  of  air  which  is  thus  expellt-d 
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the  lungs   ia  indicated  by  the  height  to  which   tlie  atr  ehariilMT  of  the 
•^mmeter  rises;  and  bj  means  of  a  scale  placed  in  coimection  with  this,  the 
of  cubic  ioches  is  read  off. 

In   healtliy  men,  the  respiratory  capacity   varies  cliielly  with  the 

Uurc^  weight,  and  age. 

It  wafi  found  by  Hutchinson,  from  whom  most  of  our  information 

this  subject  is  derived,  that  at  a  temperature  uf  15.4"  C,  (t]0°  F,), 

cubic  inches  is  the  average  rifnl  or  respiratory  capacity  of  a  healtliy 

9n,  five  feet  seven  inches  in  height. 

(Hrcumatiuiee^  affeciimj  the  amount  of  rcMpiratory  capaeiti/.— For  every  inch 
height  aUjve  this  standard  the  eajiacity  it*  iycreajr*ed.  on  an  average,  by  eight 

t;  Asd  for  every  inch  l>elow,  it  is  tliniiuiMhed  by  tht*  same  auionnt. 
The  influence  of  treJght  tm  the  capacity  of  rt*t*piratitiu  \»  It^sH  Tuanift^st  mid 
titlerable  tliau  that  of  heij;;:ht:  and  it  in  diihciilt  tt>  arrive  at  any  iletinite 
Qclusiims  OD  this  ptnnt,  iM^^caiiHe  tlie  natural  average  weif^ht  of  a  heaUhy 
nn  iu  relation  to  st-atntir  ha,H  iwA  yf4  Ijcen  ilptcrinined.  As  a  j^ertenil  Htiite- 
eot.  hi»wever,  it  may  Im*  said  that  the  cajjaeity  of  r(*hpirati(m  is  not  affecteil 
weights  under  161  pounds^  or  Hi  stones;  but  that,  above  thia  fmiut,  it  is 
i  mini  si  led  at  the  rate  of  one  cubic  inch  for  every  additional  pound  up  to  190 
or  14  atoneB, 
By  age,  the  capacity  appears  tc»  be  increased  fn»ni  aUiut  the  lifteenth  to  the 
birty-fifth  year,  at  the  rate  of  five  cubic  inches  i>t»r  year;  from  thirt^'-Iive  io 
Bixty-ftve  it  diniinislu^B  at  the  rate  of  aljout  one  and  a  half  cubic  inch  [ler  year  ; 
ao  that  the  caftacit}'  of  respiration  of  a  man  nt  sixty  years  nld  would  he  al»out 
80  cubic  inches  less  than  tiiat  of  a  man  of  forty  yt*am  old,  t>f  tlie  t^aaie  height 
and  weight.     (John  llutchiuijon.) 

The  number  of  respirations  in  a  lienlthy  adult  person  usually  ningea 
from  14  to  18  per  minute.  It  is  greater  in  infancy  and  childhood.  It 
varies  also  much  according  to  ditlerent  circumstances,  such  aa  exercise 
or  re^t,  hcaltli,  or  disease,  etc.  Variutions  in  the  nionl>er  of  rei^piriitioii"^ 
correspond  ordinarily  with  similar  variations^  in  the  pulsutions  of  the 
heart.  In  health  the  proportion  is  about  1  to  4,  or  1  to  5,  and  wlien  the 
r^piility  of  the  heart*s  action  is  increased^  thai  of  the  chest  movement  is 
commonly  increased  also;  but  not  in  every  ease  in  equal  in*c*p*'t*tion.  It 
happens  occasionally  in  disease,  especially  «if  tlie  Iuu^'^k  or  air-passages, 
tlmt  the  number  of  /rx/^/rf^/^jfry  acts  inerea^ses  in  qniekcr  proportion  tbjjn 
the  beats  of  thepuf^^e;  and,  in  other  alTection>*,  mneh  more  cuninionly, 
that  the  number  of  the  pulses  is  greater  in  proportion  than  that  of  the 
resfdrations. 

7'hfi  Force  of  Initpiraiortf  anif  Erpirff/orif  Musrlea, — The  force  with 
which  the  inspiratory  mneeles  are  capable  of  acting  is  greatest  in  indi- 
viduals of  the  height  of  from  Cne  feet  seven  inches  to  five  feet  eight 
inches,  and  will  elevate  a  column  of  three  inehes  of  mercury.  Above 
this  height  the  force  decreases  as  the  stature  increases;  so  that  the  fiver- 
^Age  of  men  of  six  feet  can   elevate  only  about  two  and  a  half  inches  of 

L: 
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meT'.xirj.  Ttf:  fome  manifected  in  the  strongest  expiratory  acts  is,  on 
iLe  aiier^ge,  c=;^':b:ri  greater  than  that  exercised  in  inspiration.  But 
thi-  differ*:!.:-*:  U  ;::*  great  mcLSure  dae  to  the  power  exerted  by  the 
eLfteiic  rea*':;20L  of  the  valls  of  the  chest;  and  it  is  also  much  inflaenced 
bj  the  'iiiproj^/nioz^ie  strength  which  the  expiratory  muscles  attain, 
from  their  \A:ii.g  called  into  ase  for  other  purposes  than  that  of  simple 
expiration.  The  force  of  the  inspiratory  act  is,  therefore,  better  adapted 
than  tiukt  of  the  expiratory  for  testing  the  muscular  strength  of  the 
body.     (John  Hctchinson.) 

TImt  instniment  need  by  Hatchinsoii  to  gauge  the  inspiratory  and  expiratnir 
fiower  was  a  mercurial  manometer,  to  which  was  attached  a  tube  fitting  the 
iKjstriL*.  and  through  which  the  inspiratory  or  expiratory  effort  was  m&de 
Hie  foU'^wing  table  repreaents  the  results  of  numerous  experiments : 

Powrr  r4  Power  of 

lBiB|,irat«>rT  XoickA.  Expiratory  Mufvles. 

l.iin Weak  ....     2.0  in. 

2.'»  -  -         .        .  Ordinanr  ...  2.5  " 

2.5  -        .         .         .  .     Strong  '      .         .  .     8.5  ** 

3.5  -   .  Verv  strong     .  4.5** 

4.5  -        .         .         .  .    Remarkable  .     5.8  *• 

5.5  "  .  Venr  remarkable  7.0  ** 

6.0  "...  .     Extraordinary  .     8.5  " 

7.0  *•   .  Very  extraordiiuiry  10.0  " 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is  emplov5d 
in  overcoming  ihe  resistance  offered  by  the  elasticity  of  the  longs. 

Tlie  amount  of  this  clastic  resistance  ^-as  estimated  by  observing  the  ele\a- 
tion  <if  a  column  of  nitrcury  raised  by  the  return  of  air  forced,  after  deaxh, 
into  the  lunpi.  in  quantity  e«jual  t4j  the  known  capacity  of  respiration  duriug 
life;  and  Hut^^hins^m  caknilated.  according  to  the  well-known  hydrostatic  law 
of  erjualitj-of  pressures  'as  shown  in  theBramah  press),  that  the  total  force  to 
Ut  oven-om^  hy  the  mus4:*les  in  the  act  of  inspiring  200  cubic  inches  of  air  is 
nu>n.'  than  4-'io  llis. 

Tlie  elastic  fon.e  oven.-nme  in  ordinary  inspiration  is,  according  to  tlie  same 
auth(»rity,  cijual  t<»  aN»ut  170  lbs. 

Doiigla.^  Powtll  has  shown  that  within  the  limits  of  ordinary  iran- 
rjiiil  roFjiinition  the  elastic  resilience  of  the  walls  of  the  chest  favors  in- 
spiration; ami  that  it  is  only  in  deep  inspiration  that  the  ribs  and  rib- 
cartilages  oiler  an  opposing  force  to  their  dilatation.  In  other  words, 
the  elastic  resilience  of  the  lungs,  at  the  end  of  an  act  of  ordinary 
breathing,  has  drawn  the  chest-walls  within  the  limits  of  their  normal 
degree  of  expansion.  Under  all  circumstances,  of  course,  the  elastic 
tissue  of  the  lungs  opposes  inspiration  and  favors  expinition. 

It  is  possible  that  the  contractile  power  which  the  bronchial  tnles 
and  air-vesicles  possess,  by  means  of  their  muscular  fibres  may  (1)  assist 
in  e.xi)iration;  but  it  is  more  likely  that  its  chief  purpose  is  (2)  to  regu- 
late and  adapt,  iu  some  measure,  the  quantity  of  air  admitted  to  (he 


RESPIRATION.  265 

Inngs,  and  to  each  part  of  them,  according  to  the  supply  of  blood;  (3) 
tile  muscolar  tissue  contracts  upon  and  gradually  expels  collections  of 
lliucas^  which  may  have  accumulated  within  the  tubes,  and  which  cannot 
be  ejected  by  forced  expiratory  efforts,  owing  to  collapse  or  other  mor- 
Ilid  conditions  of  the  portion  of  lung  connected  with  the  obstructed 
tubes  (Gairdner).     (4)  Apart  from  any  of  the  before-mentioned  func- 
tions, the  presence  of  muscular  fibre  in  the  walls  of  a  hollow  viscus, 
mch  as  a  lung»  is  only  what  might  be  expected  from  analogy  with  other 
eigans.     Subject  as  the  lungs  are  to  such  great  variation  in  size,  it 
might  be  anticipated  that  the  elastic  tissue,  which  enters  so  largely  into 
their  composition^  would  be  supplemented  by  the  presence  of  much 
muscukir  fibre  also. 

Respiratory  Changes  in  the  Air  Breathed. 

Composition  of  the  Atmosphere. — The  atmosphere  we  breathe  has,  in 
every  situation  in  which  it  has  been  examined  in  its  natural  state,  a 
nearly  uniform  composition.  It  is  a  mixture  of  oxygen,  nitrogen,  car- 
bon dioxide,  and  watery  vapor,  with,  commonly,  traces  of  other  gases, 
as  ammonia,  sulphuretted  hydrogen,  etc.  Of  every  100  volumes  of  pure 
atmospheric  air,  79  volumes  (on  an  average)  consist  of  nitrogen,  the  re- 
maining 21  of  oxygen.  By  weight  the  proportion  is  N.  77,  0.  23.  The 
proportion  of  carbon  dioxide  is  extremely  small;  10,000  volumes  of 
atmospheric  air  contain  only  about  4  or  5  of  that  gas. 

The  quantity  of  watery  vapor  varies  greatly  according  to  the  temper- 
ature and  other  circumstances,  but  the  atmosphere  is  never  without 
some.  In  this  country,  the  average  quantity  of  watery  vapor  in  the  at- 
mosphere is  1.40  per  cent. 

Comjmsition  of  Air  which  has  been  breathed, — The  changes  efFected 
by  respiration  in  the  atmospheric  air  are:  1,  an  increase  of  temperature; 
2,  an  increase  in  the  quantity  of  carbonic  acid;  3,  a  diminution  in  the 
quantity  of  oxygen;  4,  a  diminution  of  volume;  5,  an  increase  in  the 
amount  of  watery  vapor;  6,  the  addition  of  a  minute  amount  of  orgjinic 
matter  and  of  free  ammonia. 

1.  The  expired  air,  heated  by  its  eontnct  with  the  interior  of  the 
lungs,  is  (at  least  in  most  climates)  hotter  than  the  inspired  air.  Its 
temperature  varies  between  36^—37.5°  C.  (97''  and  99.5°  ¥,),  tlie  lower 
temperature  being  observed  when  the  air  has  remained  but  a  short  time 
in  the  lungs.  Whatever  may  be  the  temperature  of  the  air  when  in- 
haledy  it  acquires  nearly  that  of  the  blood  before  it  is  expelled  from  the 
chest. 

2.  The  Carbonic  dioxide  is  ificreased;  but  the  quantity  exluiled  in  a 
given  time  is  subject  to  change  from  various  circumstances.  From 
every  volume  of  air  inspired,  about  4.8  per  cent  of  oxygen  is  abstracted; 
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v:,.^  L  r,,''i>»rT  ^miL'j^r  '{t,ML.ihj.  AJi  oi  carbon  dioxide  is  added  in  iu 
i-fcr*;  \it^  ^iyiT*fi  fcJ"  will  eiMLUkia.  tiierefore.  434  Tola,  of  carbon  dioxide 
,:,  ;  .-.••.,     Ti»r  vi-fcVThT  'j.;  caraxk  dkfxide  exhalcfd  into  the  air  breathtd 
\}  k  JL:'3*^:i  1  fc.  i::  2LLL-  ■^^y^tMaiz.g  tbat  22  ecm.  of  the  500  ccm.  of  the 
^T  \r*A.\L0i^,  ,..:  ti  *:i.,M  ^-ipirfciivn  eonfisU  of  carbon  dioxide,  and  that 
:L*:  rvv:  ',f  .•*>f.rkr.y^  1$  or.  az:  axerag^e  10,  the  total  amount  would  be 
i,'>y.\  '^.K  l-*r**t  :z.  ;L-e  24  bvars.     From  actual  experiment  this  amount 
wr^rflL*  T.>  'j-«r  vx  r-lz^-,  elr.<*  fr*>m  the  axerage  of  many  investigations  ibe 
v^M*.  Aci'i:::  -f  .:kr»i»  oivii^ie  excreted  per  diem  has  been  found  to  be 
*>/-.::  i**.*  I.;--**-  we;/:-:Lg  ^>»  grm^..  consisting  of  218  grms.  of  C,  and 
iirz  zniJL  'A  O.     FrviL  ;hi-  hae  to  be  dedaeted  about  1 0  grms.  excreted  in 
ar.v  o::.<:r  t^t  ;r^r.  r.j  ibfr  lur.gs,  it  ksavei  abont  215  grms.  as  the  amount 
of  C  -rx  -r#r:*ri  '.-T  ih*:  a^rrage  heal  thy  man  bv  respiration  each  day  and 
i.-^.'jT.  ;r;a:  ;- a>^'i:   T  ^'L.  aVjut  half  a  i»oand.     These  quantities  must 
\f^  r-or.•^i *-!>•!  af»proi:iri:il»r  ••^ly.  ina.-^much  js  various  circumstances,  even 
lu  n'-uitfj.  iL5u*^n«.-»:  tLe  amount  of  carbon  Jioxide  excrett^l,  and,  correlft- 
lively,  the  ainoaiit  of  oxygen  absorbed. 

f:ir*njLn%jAnHff^  in^wniring  itu^  aatoumt  of  ^nrbon  dioxide  ejccreted.—a.  Agi 
arui  S^-J-. — ITur  '^uantitr  of  carbon  dioxide  exhaled  into  the  air  breatlied  br 
nisi\*i^.  r»-jrulariy  incTHanes  from  S  t*j  30  veais  of  age  :  from  30  to  50  the  quantitr, 
afUrr  remain ini?  btationarr  Vj/r  a  while,  gradually  diminishes,  and  from  50  to 
*-xtreiii<-  agf  it  grie*  <>n  diminishing,  till  it  scarcely  exceeds  the  quantity  ex- 
haJ'-^l  at  U'U  y«<irs  old.  In  females  i  in  wliom  the  quantity  exhaled  is  alwais 
l<r>*«  than  in  iiial«rs  of  the  same  agei  the  same  regular  increase  in  quantit}'  goes 
on  from  the?  **th  year  to  the  ag<^  of  puberty,  when  the  quantity  abruptly  eeases 
Uf  \u*'T*riiM'.  an«l  r«'main.H  stationary  so  long  as  they  continue  to  menstruate. 
When  iiienntruation  has  ceaseJ.  it  sorjn  decreases  at  the  same  rate  as  it  dcies  in 
old  men. 

h.  liPMpimtury  Mot'ejnfnts.—Tlie  quicker  the  respirations^  tlie  smaller  is  the 
f»rr»jiortionate  quantity  of  rarlx^u  dioxide  contained  in  t»ach  volume  of  the  expired 
air.  Although  the  projMirtiouate  quantity  of  carlx>n  dioxide  is  thus  diminished, 
the  almiihiU'  amount  exhaie<l  within  a  given  time  is  increased  thereby,  owing  to 
th«*  larger  quantity  of  air  which  is  hreathe<]  in  the  time.  The  last  half  of  a  vel- 
um*' of  expin*d  air  crMitain.s  more  carlM>nic  acid  than  the  half  first  expired;  a 
ein-umMlariri'  whirh  is  explaim^l  by  the  one  |x>rtion  of  air  coming  fnim  tlie 
rernot*'  part  of  tin-  hiiigs,  where  it  has  l>een  in  more  immediate  and  prolongwl 
eoiitact  with  the  hhMMl  than  the  other  has.  which  comes  chiefly  from  the  larger 
hroiichial  tubes. 

r.  Krtnniil  trfnjH'r(itnrp.—T]\o  obs(*rvation  made  by  Vierordt  at  various 
tenquTatun-slMawei'ii  :{.4  —2:^8  ( '.  {liS"  V.  and  TO'  ¥.)  show,  for  warm-blooded 
animals,  that  within  this  range,  every  rise  eciual  to  5.5"  C.  (10  F.)  causes  a 
diminution  (»f  alniut  !):{  c<?m.  (2  cubic  inches)  in  the  quantity  of  carbonic  acid 
«*xhaled  per  ininnt4*. 

//.  Snifum  nf  thr  rfY/r.— The  season  of  the  year,  independently  of  temi)era- 
tUH'.  materially  influences  tli(>  respiratory  phenomena:  spring  being  the  season 
nf  tli<*  greatest,  and  autumn  of  the  lea.st  activity  of  the  respiratory  and  other 
runetinns. 

r.   i^urity  uf  the  Henpirvd    .l/r.— The  average  quantity    of  carbon  dioxide 
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iven  out  by  tlie  lunjcps  constitutes  alwmt  4 'A  per  cent,  of  the  expireil  air;  l>ut 
the   air  which   is   breatiit^d   t>e  previously  impreji^uat+itl  with  carbcni  dioxide 
is  the  case  wheu  the  siirue  air    m  frequently  n-Hj^ireilK  thfii  tlie  quantit)'  of 
riKin  dioxide  exhaled  beeinjii;»H  relatively  much  less. 

/.    Hygrtjmeirk'  Stair  of  AtmoHphertu — The  aiiiouot  of  earlH)n  dioxide  e3£ haled 
€?oniiiderably  influenced  by  the  degn:^  of  moiHture  of  the  attnosphere*  itiurh 
ion?  bt!tuf^  >;ive«  off  when  the  air  i^  moist  than  when  it  is  dry. 

g,  Periofi  (if  the  Daj/. — During  the  day-time  more  carbon  dioxide  is  exhaletl 

corresipmds  to  the  oxy^jen  uhsoriHHl  ;  while,  on  the  other  hand,  at  night 

much  more  oxygen  isa^jsorlxnl  than  is  exhaled  in  carlmn  dioxide.    Tliere  is, 

Hus,  a  n:»i*erve  fund  <»f  oxy^^eii  absorln^d  by  iii|j^ht  to  meet  the  ret|nirementK  of  the 

fiy.     If   the   total   Tjiiaatity  of   carbon   tiioxide  exhaled    in  *J4  houi-n  be  ri'pre- 

Ifirntei]    hy  MM),   52   parid  are  exhaled   during  the  day,  and  48  ut  ni^ht.     While 

iiniihirly.  'M  fuirts  of  tlie  oxygen  are  abaorlw^d  during;  th*^  day.  and  the  remain- 

liii|;  07  by  ni^ht. 

/j.  FtMftf  find  iJHtik. — Hy  the  use  of  fmwi  the  quantity  is  increased,  while 
"by  fastiiiji;  it  is  diminisluHl;  it  is  |?:reater  when  animals  are  fed  on  farinaceous 
food  than  when  feil  on  meat.  The  effects  iinxhiced  by  npiritiums  tl rinks  de- 
^  pc?f id  mucli  on  the  kind  of  drink  t-aki'u.  Pine  alcohol  tends  nilher  l<«  increaj^^ 
^V  tiiaii  to  lesst'U  respiratory  changes,  rntnl  the  amount  tlierefore  of  carlMm  dioxide 
expireil ;  rum,  ale,  and  ixirter,  also  sherry,  have  very  similar  ciT^^cts.  On  the 
other  hand,  brandy,  whiskey,  and  ^;in,  particularly  the  latter.  ahn«>st  always 
lessened  the  respirator^'  changes,  and  consequently  the  amount  <d  the  gus 
exhaled, 

u  JSa^ercwe, — BtKHly  ejcercise*  in  nuMlerationt  increases  the  quantity  to  about 

II  HKtre  tJ»an  it  is  during  rest:  and  for  aUnit  an  liour  after  exercise  the  volume 
||f  the  tttr  expired  in  the  minute  is  iucreasetl  nearly  2JXM)  ccm,,  or  tlH  cubic 
^ches :  and  the  quantity  of  carl>on  dioxi<le  about  125  ccm..  or  7.H  cubic  inches 
|>er  uiiiiute.  Violent  exereisi^  such  as  full  hdjor  ou  the  tread-wht^d,  still  fur- 
Mier  increases  tlu*  amount  of  the  arid  exhah^. 
A  larger  quantity  is  exhaled  when  the  barometer  is  low  than  when  it  is 
high. 

13.  Tht>  oxif(jen  h  (limiHl^ftt'd,  and  its  diminution  is  geiionilly  propor- 
lionate  to  the  increase  of  tlj*:!  c^irhon  dioxide.  For  every  vohime  uf  cur* 
liun  ilioxido  exliiUed  into  the  air,  1,174'^!  volumes  of  oxygen  are  absorbed 
fi*om  it,  from  the  result  of  the  experiments  to  estimate  the  carbon  diox- 
ide exhaled  and  the  oxygen  abnorbed,  it  was  fonud  that  while  about  b\d 
grnis.  of  oxygen  Hppoiinul  ijt  the  COa  exhaled,  700  grins,  disiijipmred 
from  tlie  inspired  air. 

^4,  The  vohitfH'  of  tfir  is  fiimiftishtui  (allowance  being  made  for  the  ex- 
pansion in  being  heated),  the  Iobs  being  due  to  a  portion  of  oxygen  ab- 
■prbed  ami  not  returned  in  the  exhaled  carbonic  acid,  all  observers  agree, 
Hiough  HH  to  the  uctiiui  f|uautity  of  oxygen  so  absorbed,  tbcy  differ  even 
widely.  The  amount  of  oxygen  absorbed  is  on  an  average  4,8  per  cent, 
so  that  the  expired  air  contains  i*.2  voluniet?  per  cent  of  that  gas.  The 
quiiutity  of  oxygen  that  doe^  not  combine  with  the  carbon  given  off  in 
carbonic  dvUl  from  the  lungs  is  probably  disposed  of  in  furmitig  some 
iOf  the  carbonic  a(*id  and  water  given  off  from  the  skin,  and  in  combining 
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with  sulphur  and  phoephoms  to  form  part  of  the  acids  of  the  salphates 
and  phosphates  excreted  in  the  urine,  and  probably  also,  with  the  nitro- 
gen of  the  decomposing  nitrogenous  tissues. 

The  quantity  of  oxygen  in  the  atmosphere  surrounding  animals,  ap- 
pears to  have  very  little  influence  on  the  amount  of  this  gas  absorbed  by 
them,  for  the  quantity  consumed  is  not  greater  even  though  an  excess 
of  oxygen  be  added  to  the  atmosphere  experimented  with. 

It  has  often  been  discussed  whether  Nitrogen  is  absorbed  by  or  ex- 
haled from  the  lungs  during  respiration.  At  present,  all  that  can  be 
said  on  the  subject  is  that,  under  most  circumstances,  animals  appear 
to  expire  a  very  small  quantity  above  that  which  exists  in  the  inspired 
air.  During  prolonged  fasting,  on  the  contrary,  a  small  quantity  appean 
to  be  absorbed. 

5.  The  tratenj  vapor  is  increased. — The  quantity  emitted  is,  as  a 
general  rule,  sufticient  to  saturate  the  expired  air,  or  very  nearly  so. 
Its  absolute  amount  is,  therefore,  influenced  by  the  following  circum- 
stances, (1),  by  the  quantity  of  air  respired;  for  the  greater  this  is,  the 
greater  also  will  be  the  quantity  of  moisture  exhaled;  (2),  by  the  quan- 
tity of  watery  vapor  contained  in  the  air  previous  to  its  being  inspired; 
because  the  grwiter  t]iis  is,  the  less  will  be  the  amount  to  complete  tbe 
saturation  of  tlie  air;  (3),  by  the  temperature  of  the  expired  air;  for 
the  Iiigher  thi.s  i.s,  tlie  greater  will  be  the  quantity  of  watery  vapor  re- 
quired to  saturate  tlie  air;  (4),  by  the  length  of  time  which  each  volume 
of  inspirtMl  air  is  allowed  to  remain  in  the  lungs;  for  although,  during 
onlinary  n^sjiiration,  the  exj)ired  air  is  always  stiturated  with  watery 
vapor,  yet  wlun  respiration  is  performed  very  rapidly  the  air  has  scarce^ 
time  to  lu'  raised  to  the  highest  temperature,  or  be  fully  charged  with 
moisture  ere  it  is  expelled. 

Tlie  <inantity  of  water  exhaled  from  the  lungs  in  twenty-four  hours 
ranges  (aeeording  to  the  various  modifying  circumstances  already  men- 
tioned) from  al.out  ♦)  to  27  ounces,  the  ordinary  quantity  being  about  9 
or  10  onnees.  Some  of  this  is  i)robably  formed  by  the  chemical  com- 
hiTiatir>n  of  oxygen  with  hydrogen  in  the  system;  but  the  far  larger 
proportion  of  it  is  water  which  has  been  absorbed,  as  such,  into  the 
blood  from  tlie  alimentary  canal,  and  which  is  exhaled  from  the  surface 
of  tlie  air-j>assa<j:es  and  cells,  as  it  is  from  the  free  surfaces  of  all  moist 
animal  membranes,  particularly  at  the  high  temperature  of  warm-blooded 
animals. 

C).  A  small  (in(t)dihi  of  ammonia  is  added  to  the  ordinary  constitu- 
ents of  exj)ired  air.  It  seems  j)robable,  however,  both  from  the  fact  that 
this  substance  cannot  he  always  detected,  and  from  its  minute  amount 
when  j)resent,  that  the  whole  of  it  maybe  derived  from  decomposing 
particdes  of  food  left  in  tiic  mouth,  or  from  carious  teeth  or  the  like; 
and  that  it  is,  therefore,  only  an  accidental  constituent  of  expired  air. 
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?•  The  quantity  of  organic  matter  in  the  breath  is  increased.  It  is 
dae  to  the  presence  of  this  organic  matter  that  air  conUiining  the  prod- 
uots  of  respiration  is  more  injurious  than  it  might  be  expected  to  be 
from  the  amount  of  CO3  it  contains.  The  condensed  aqueous  vapor  is 
fmind  soon  to  decompose  and  to  contain  substances  which  are  of  a 
poisonous  nature. 

•  Method  of  £irpertmciif.— The  following  represcDts  the  kind  of  experiment  by 
which  the  foregoing  facts  regarding  the  excretion  of  carbonic  acid,  water,  and 
oqpuiic  matter,  hare  been  established. 

A  bird  or  mouse  is  placed  in  a  large  bottle,  through  the  stopper  of  which 
two  tubes  pass,  one  to  supply  fresli  air,  and  the  other  to  carry  off  that  which 
has  been  expired.  Before  entering  the  bottle,  the  air  is  made  to  bubble  through 
a  strong  solution  of  caustic  potash,  which  absorbs  the  carbonic  acid,  and  then 
through  lime-water,  which,  by  remaining  limpid,  proves  the  al)sence  of  car- 
boaic  acid.  Tlie  air  which  has  been  breathed  by  the  animal  is  made  to  bubble 
Ifanragh  lime-water,  which  at  once  becomes  turbid  and  soon  quite  milky  from 
the  precipitation  of  calcium  carbonate ;  and  it  finally  passes  through  strong 
■alphuric  acid,  which,  by  turning  brown,  indicates  the  ]>re8ence  of  organic 
matter.  The  watery  vapor  in  the  expired  air  will  condense  inside  the  bottle  if 
tile  surface  be  kept  cool.  By  means  of  an  apparatus  sufficiently  large  and  well- 
constructed,  experiments  of  the  kind  have  been  made  extensively  on  man. 

How  the  Changes  in  the  Air  are  effected. — The  metljod  by  which 
fresh  air  is  inhaled  and  expelled  from  the  lungs  has  been  explained. 
It  remains  to  consider  how  it  is  that  the  blood  absorbs  oxygen  from, 
and  gives  up  carbonic  acid  to,  the  air  of  the  alveoli.  In  tlio  first  jjlace, 
it  must  be  remembered  that  the  tidal  air  only  amounts  to  about  25 — 30 
cubic  inches  (about  500  ccm.)  at  each  inspiration,  and  that  this  is  of 
course  insufficient  to  fill  the  lungs,  but  it  mixes  with  the  stationary  air 
by  diffusion^  and  so  supplies  to  it  new  oxygen.  The  amount  of  oxygen 
in  expired  air,  which  may  be  taken  as  the  average  composition  of  tlie 
mixed  air  in  the  lungs,  is  about  IG  to  17  per  cent;  in  the  pulmonary 
alveoli  it  may  be  rather  less  than  this.  From  this  air  the  venous  blood 
has  to  take  up  oxygen  in  the  proportion  of  8  to  12  vols,  per  cent  of 
blood,  as  the  difference  between  the  amount  of  oxygen  in  arterial  and 
venous  blood  is  no  less.  It  seems  therefore  somewhat  difficult  to  under- 
stand how  this  can  be  accomplished  at  the  low  partial  pressure  of  oxygen 
in  the  pulmonary  air.  But  as  was  pointed  out  in  a  previous  Chapter 
(IV.),  the  oxygen  is  not  simply  dissolved  in  the  blood,  but  is  to  a  great 
extent  chemically  combined  with  the  haemoglobin  of  the  red  corpuscles; 
and  when  a  fluid  contains  a  body  which  enters  into  loose  chemical  com-  . 
bination  in  this  way  with  a  gas,  the  tension  of  the  gas  in  the  fluid  is 
not  directly  proportional  to  the  total  quantity  of  the  gas  taken  up  by 
the  fluid,  but  to  the  excess  above  the  total  quantity  which  the  substance 
dissolved  in  the  fluid  is  capable  of  taking  up  (a  known  quantity  in  the 
case  of  hemoglobin^  vix.,  1.59  cm.  for  1  grm.  hemoglobin).    On  the 
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other  hand,  if  the  substance  be  not  satnrated,  /.^.,  if  it  be  not  combined 
with  as  much  of  the  gas  as  it  is  capable  of  taking  up,  further  combina. 
tion  leads  to  no  increase  of  its  tension.  However,  there  is  apoiutat 
which  the  haemoglobin  gives  up  its  oxygen  when  it  is  exposed  to  a 
low  partial  pressure  of  oxygen,  and  there  is  also  a  point  at  which  it 
neither  takes  up  nor  gives  out  oxygen;  in  the  case  of  arterial  blood  of 
the  dog,  this  is  found  to  be  when  the  oxygen  tension  of  the  atmosphere 
is  equal  to  3.1)  per  cent  (or  29.G  mm.  of  mercury),  which  is  eqnivalent 
to  saying  that  the  oxygen  tension  of  arterial  blood  is  3.9  per  cent;  venom 
blood,  in  a  similar  manner,  has  been  found  to  have  an  oxygen  tension  of 
2.8  per  cent.  At  a  higher  temperature,  the  tension  is  raised,  as  there  is 
a  greater  tendency  at  a  high  temperature  for  the  chemical  compound  to 
undergo  dissociation.  It  is  therefore  easy  to  see  that  the  oxygen  tension 
of  the  air  of  the  pulmonary  alveoli  is  quite  sufficient,  even  supposing  it 
much  less  than  that  of  the  expired  air,  to  enable  the  venous  blood  to 
take  up  oxygen,  and  what  is  more,  it  will  take  it  up  until  the  ha?mo- 
globin  is  very  nearly  saturated  with  the  gas. 

As  regards  the  elimination  of  carbon  dioxide  from  the  blood,  there 
is  evidence  to  show  that  it  is  given  up  by  a  process  of  simple  diffusion, 
the  only  condition  necessary  for  the  process  being  that  the  tension  of 
the  carbonic  acid  of  the  air  in  the  pulmonary  alveoli  should  be  less  than 
the  tension  of  the  carbonic  acid  in  venous  blood.  The  carbonic  acid 
tension  of  the  alveolar  air  probably  does  not  exceed  (in  the  dog)  3  or  4 
per  cent,  while  that  of  the  venous  blood  is  5.4  per  cent,  or  equal  to  41 
mm.  of  mercury. 

Respiratory  Changes  in  the  Blood. 

Circ}(lnfion  of  Blood  in  the  Respiratory  Organs, — To  be  exposed  to 
the  air  thus  alternately  moved  into  and  out  of  the  air-cells  and  minute 
bronchial  tubes,  the  blood  is  propelled  from  the  right  ventricle  through 
the  puhnonary  capilhiries  in  steady  streams,  and  slowly  enough  to  per- 
mit every  minute  j)()rtion  of  it  to  be  for  a  few  seconds  exposed  to  the 
air,  with  only  the  thin  walls  of  the  capillary  vessels  and  the  air-cells 
intervening.  The  pulmonary  circulation  is  of  the  simplest  kind:  for 
the  i)ulnionary  artery  branches  regularly;  its  successive  branches  run  in 
straight  lines,  and  do  not  anastomose:  the  capillary  plexus  is  uniformly 
spread  over  the  air-cells  and  intercellular  passages;  and  the  veins  de- 
rived from  it  proceed  in  a  course  as  simple  and  uniform  as  that  of  the 
arteries,  their  branches  converging  but  not  anastomosing.  The  veins 
have  no  valves,  or  only  small  imperfect  ones  prolonged  from  their  angles 
of  junction,  and  incjipable  of  closing  the  orifice  of  either  of  the  veins 
between  which  they  are  placed.  The  pulmonary  circulation  also  is  un- 
affected by  changes  of  atmospheric  pressure,  and  is  not  exposed  to  the 


ifluence  of  the  pressure  of  moscleR:  the  force  by  which  it  is  accom- 
ilished^  and  the  coarse  of  the  bhiod  jire  alike  simple. 

Vhantjeif  in  the  Blood. — The  most  obvious  change  which  the  blood  of 
|e  pulmonary  artery  undergoes  in  its  passitge  through  the  lungs  is  \M^ 
li  of  co!oi\  the  dark  crimsoJi  of  venous  blood  being  exchanged  for  the 
right  scarlet  of  arterial  blood.  The  cause  of  this  has  been  already 
lown  t«  be  lb;it  the  arterial  blood  eontjiins  a  greater  f|uantity  of  scarlet 
oxybtennighibin;  2*1  y  and  in  conneetitjii  with  the  preceding  change  it 
II w^  ojTf/^en  :  Zfly  it  h»€s  carlmn  dinxifU\  It  was  incidentally  mentioned 
the  Chapter  on  the  Blood  that  the  Ciirbon  dioxide  which  is  carried 
the  blood  to  be  elimiiuiLed  iiy  the  lungs  is  not  simply  dissolved  in 
^e  plasrna.  It  is  coudiined  witli  some  substance  in  the  blood,  and 
rhen  it  is  carried  to  tlie  Inngs  this  substance  must  undergo  dccomposi- 
ion.  What  is  the  nature  of  the  compound  it  forms  is  not  known,  but 
appears  most  likely  that  tiie  gas  is  combined  in  the  phisma  with  the 
iium  carbonate  which  it  contains.  It  Inis  also  been  suggested  that  as 
tie  carbon  dioxide  of  the  entire  blood  is  more  e^isily  given  up  to  the 
iieuum  of  a  mercurial  air-pump  than  is  the  gas  of  the  sernni  correspond- 
ig  to  the  bloiid  taken,  that  the  corpuscles  of  the  blood  exercise  some 
jwer  in  promoting  the  decomposition  of  the  substance  with  which  the 
.is  combined  in  tlie  plasma.  The  plusma  or  serum  will  not  give  up 
I  whole  of  its  carbon  dioxide  until  the  addition  of  an  acid,  when  the 
8t  portion,  2  to  5  per  cent,  comes  off,  the  entire  blood  gives  up  the 
lie  of  its  carbon  dioxide  to  the  action  of  the  mercurial  pump,  and 
not  rerpure  the  action  of  an  acid.  It  may  be  mentioned  tbat^  ac- 
>rding  to  some,  the  carbon  dioxide  is  combined  with  proteid,  r ither  in 
he  plasma  or  in  the  red  blood- corpuscles;  4///,  it  becomes  sli(jkfli/ 
iJer;  hfh,  it  roatpthfpfi  stm/if'r  tnttl  ittore  Jirmft/,  apparently  containing 
lore  fibrin.  The  oxygen  absorbed  into  the  blood  from  the  atmospheric 
ir  in  the  lungs  is  combined  cbemically  with  the  ba&moglobin  of  the 
ed  blood -corpuscles.  In  this  condition  it  is  carried  in  the  arterial  blood 
the  various  parts  of  the  body,  and  brought  into  near  rehition  or  con- 
"^tact  with  the  tissues.  In  these  tissues,  a  certain  portion  of  the  oxygen 
which  the  arterial  blood  contains,  disappears,  and  a  proportionate  rjnan- 
tity  of  carbon  dioxide  and  water  is  formed.     The  venous  blood,  contain- 

Iing  the  new-formed  carbon  dioxide,  returns  to  the  lungs,  where  a  portion 
of  the  carbon  dioxide  is  exhaled,  and  a  fresh  supply  of  oxygen  is  taken  in. 
In  what  way  these  changes  are  brought  about  will  be  next  discussekd. 


Respiratory  Changes  in  the  Tissues, 


The  changes  which  occur  in  the  composition  of  the  blood  during  its 

Dirculation  are  believed  to  take  place  in  tlic  tisf?ues,  and  particularly  in 

'the  muscles.     The  changes  are,  as  we  have  just  mentionedj  chiefly  the 
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removal  of  oxygen  from  and  the  addition  of  carbon  dioxide  to  the  blood. 
These  changes  are  sometimes  spoken  of  as  internal  respiration.  Tbe 
oxygen  carrieri  by  the  corpascles  of  the  blood  in  tbe  form  of  oxyhemo- 
globin is  given  up  to  the  tissues,  as  the  tension  of  the  gas  within  them 
is  very  small.  The  gus  thus  set  free  is  apparently  seized  upon  by  the 
protoplaijm  of  the  tissues  and  built  up  into  its  molecule,  and  thus  assists 
in  the  procetts  of  anabolism,  possibly  uniting  witb  some  compound 
somewhat  in  the  same  manner  but  more  firmly  than  it  does  with  haemo- 
globin. The  Tow  oxygen  pressure  of  the  tissues  tbus  allows  a  congUint 
ubstnietion  of  the  gas  from  the  blood.  The  process  of  katabolism,  or 
breaking  down,  is  always  associated  with  the  evolution  of  carbon  diox- 
ide, HO  that  as  the  blood  pjisses  through  the  tissues  containing  little  of 
this  gas,  the  high  tension  of  the  gas  in  the  tissues  permits  of  its  passage 
into  the  blood.  It  has  been  proved  that  the  process  of  tbe  evolution  of 
carbon  dioxide  from  living  muscle  will  go  on  for  a  time  in  the  absence 
of  a  supply  of  free  oxygen,  and  so  it  is  clear  that  tho  former  gas  is  not 
derived  directly  from  the  combustion  of  the  carbon  in  tbe  presence  of 
the  latter  gas.  It  was  at  one  time  believed  that  tbe  carbon  dioxide  of 
venous  blood  resulted  from  the  oxidation  of  substances  in  the  blood 
itself.  It  has,  however,  been  shown  that  the  blood  itself  bas  ver}'  slight 
oxidizing  powers,  and  that  in  the  frog  the  whole  of  tbe  blood  maybe 
replacod  by  saline  solution  without  producing  any  marked  effect  upon 
the  metabolism  of  the  body.  It  is  obviously  unlikely  that  any  but  very 
alight  oxidation  could  go  on  in  such  a  medium.  It  has  moreover  been 
demonstrated  that  tlio  tension  of  carbon  dioxide  in  tbe  tissues  is  con- 
siderably greater  in  the  tissues  than  it  is  in  the  venous  blood. 

Special  Respiratory  Acts. 

It  will  be  well  here,  perhaps,  to  explain  certain  special  respiratory 
acts,  which  appear  at  first  sight  somewhat  complicated,  but  ceiise  to  be 
80  when  the  mechanism  by  which  they  are  performed  is  clearly  under- 
stood. The  diagram  (fig.  2VJ)  shows  that  the  cavity  of  the  chest  is  sep- 
arated from  that  of  the  abdomen  by  the  diaphragm,  which,  when  acting, 
will  lessen  its  curve,  and  thus  descending,  will  push  downward  and 
forvmrd  the  abdominal  visceni;  while  the  abdominal  muscles  have  the 
opposite  efTect,  and  in  acting  will  push  the  viscera  upward  and  back- 
ward, and  with  them  the  diaphragm,  supposing  its  ascent  to  be  not 
from  any  cause  interfered  with.  It  will  also  be  seen  that  the  lungs 
communicate  with  the  exterior  of  the  body  through  tbe  trachea  and 
larynx,  and  further  on  through  the  mouth  and  nostrils — through  either 
of  them  separately,  or  through  both  at  the  same  time,  according  to  the 
position  of  the  soft  palate.  The  stomach  communicates  with  tbe  ex- 
terior of  the  body  through  the  oesophagus,  pharynx,  and  mouth;  while 
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the  Tectum  opens  at  the  anug,  and  the  bladder  through  the  ii re- 
All  these  openings,  through  which  the  hollow  viscera  communi- 
with  the  exterior  of  the  body,  are  guarded  by  muscles,  called 
icters,  which  can  act  independently  of  each  other, 
i^kin^. — In  sighing  there  is  a  somewhat  prolonged  inspiration;  the 
almost  noiselessly  passing  in  through  the  glottis^  and  by  the  elastic 
il  of  the  lungs  and  chest- walls^  and  probably  also  oX  the  abdominal 
vrmllB,  being  suddenly  expelled. 

In  the  first,  or  inspiratory  part  of  this  act,  the  descent  of  the  dia- 
pbnigin  presses  the  abdominal  viscera  downward*  and  of  course  this 
piWBure  tends  to  evacuate  the  contents  of  such  of  them  as  communicate 
with   the  exterior  o£  the  body.     Inasmuch,  however,  as  their  variona 
openings  are  guarded  by  sphincters,  in  a  state  of  constiuit  tonic  contrac- 
tion, there  is  no  escaiMJ  of  their  contents,  and  the  air  simply  enters  the 
luDga.     In  the  second,  or  ejrpiratortj  part  of  the  act,  pressnrc  is  also 
made  on  the  abdominal  viscera  in  the  opposite  direction,  by  the  recoil 
of  the  abdominal  walls;  hnt  the  pressure  is  relieved  by  the  escjipe  of  air 
throngh  the  open  glottis,  and  the  relaxed  diaphragm  is  pushed  up  again 
to  its  original  position.     The  sphincters  of  the  stomach,  rectum,  and 
der,  act  in  the  same  manner  as  before. 

Hiccough  resembles  sighing  in  that  it  is  an  inspiratory  act:  but  the 

(piration  is  sudden  instead  of  gradual,  the  diaphrugm  acting  suddenly 

spasmodically;  and  the  air»  suddenly  rushing  through  the  unpre- 

'd  rima  glottidis,  causes  vibration  of  the  vocal  cords  and  the  peculiar 

nd. 

(hughing* — In  the  act  of  coughing  there  is  most  often  first  of  all  a 
inspiration,  followed  by  an  expiration;  but  the  latter,  instead  of 
ingeasy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed,  the 
ttifl  being  momentarily  closed  by  the  approximation  of  the  vocal 
8.  The  abdominal  muscles,  then  strongly  acting,  push  up  the 
ra  against  the  diaphragm,  and  thus  make  pressure  on  the  air  in  the 
lungs  until  its  tension  is  sufficient  to  noisily  open  the  vocal  cords  which 
oppose  its  outward  passage.  In  this  way  considerable  force  is  exercised, 
snd  mucus  or  any  other  matter  that  may  need  expulsion  from  the  air- 
passages  is  quickly  and  sharply  expelled  by  the  outstreaming  current  of 
sir.  It  will  be  evident  on  reference  to  i\g.  217,  that  pressure  exercised 
hj  the  abdominal  muscles  in  the  act  of  coughing,  acts  as  forcibly  on  the 
abdominal  viscera  i\%  on  the  lungs,  inasmuch  as  the  viscera  form  the 
medinm  by  which  the  upward  pressure  on  the  diaphragm  is  made,  and 
there  is  of  necessity  quite  as  great  a  tendency  to  the  expulsion  of  their 
contents  as  of  the  air  in  the  lunge.  The  instinctive  and  if  necessary 
Toluntarily  increased  contraction  of  the  sphincters,  however,  prevents 
any  escape  at  the  openings  guarded  by  them,  and  the  pressure  is  effec- 
tive at  one  part  onlv,  at  the  rima  glottidis, 

1$ 


mnades  of  tlie  larynx,  are  put  in  a  proper  position  and  state  of  tension 
for  vibmting  as  the  air  passes  over  them,  and  sound  is  produced.  The 
sound  is  moulded  into  articulate  speech  by  the  tongue,  teeth^  lips,  etc 
— the  vocal  corda  producing  the  sound  only*  and  having  nothing  to  da 
witli  urficuhttiun, 

Sintjinti, — Singing  resembles  speaking  in  the  manner  of  its  produt> 
tion;  the  laryngeal  muscles,  by  variously  altering  the  position  and  de- 
gree of  ten«ion  of  the  vocal  eorda,  producing  the  different  notes.  Words 
used  in  the  act  of  singing  are  of  course  framed,  as  in  epeaking,  by  the 
tongue,  teeth,  lips,  etc* 

SniJ^ng, — Sniffing  is  produced  by  a  rapidly  repeated  but  incomplete 


MfMAMJVWV 


RE8MRATI0N.  275 

Mliion  of  the  diaphragm  and  other  inspiratory  muscles.  The  mouth  is 
olosedy  and  the  whole  stream  of  air  is  made  to  enter  the  air-passages 
through  the  nostrils.  The  alse  nasi  are  commonly  at  the  same  time 
fartinrtiTrlj  dilated. 

Sobbing. — Sobbing  consists  of  a  series  of  convulsive  inspirations,  at 
file  moment  of  which  the  glottis  is  usually  more  or  less  closed. 

Laughing. — Laughing  is  made  up  of  a  series  of  short  and  rapid  expi- 
ntions. 

Yawning. — Yawning  is  an  act  of  inspiration  but  is  unlike  most  of 
the  preceding  actions  as  it  is  always  more  or  less  involuntary.  It  is 
attended  by  a  stretching  of  various  muscles  about  the  palate  and  lower 
JAW,  which  is  probably  analogous  to  the  stretching  of  the  muscles  of  the 
limbs  in  which  a  weary  man  finds  relief,  as  a  voluntary  act,  when  they 
bave  been  some  time  out  of  action.  The  involuntary  and  reflex  charac- 
ter of  3'awning  probably  depends  on  the  fact  that  the  muscles  concerned 
ttre  themselves  at  all  times  more  or  less  used  involuntarily,  and  require, 
therefore,  something  beyond  the  exercise  of  the  will  to  set  them  in 
action.  For  the  same  reason,  yawning,  like  sneezing,  cannot  be  well 
performed  voluntarily. 

Sucking. — Sacking  is  not  properly  a  respimtory  act,  but  it  may  be 
most  conveniently  considered  in  this  place.     It  is  caused  chiefly  by  the 
depressor  muscles  of  the  os  hyoides.    These,  by  drawing  downward  and 
backward  the  tongue  and  floor  of  the  mouth,  produce  a  partial  vacuum 
in  the  latter:  and  the  weight  of  the  atmosphere  then  acting  on  all  sides 
tends  to  produce  equilibrium  on  the  inside  and  outside  of  the  mouth  as 
beet  it  may.    The  communication  between  the  mouth  and  pharynx  is 
completely  shut  off  by  the  contraction  of  the  pillars  of  the  soft  palate 
and  descent  of  the  latter  so  as  to  touch  the  back  of  the  tongue;  and  the 
equilibrium,  therefore,  can  be  restored  only  by  the  entrance  of  some- 
thing through  the  mouth.    The  action,  indeed,  of  the  tongue  and  floor 
of  the  mouth  in  sucking  may  be  compared  to  that  of  the  piston  in  a 
syringe,  and  the  muscles  which  pull  down  the  os  hyoides  and  tongue,  to 
the  power  which  draws  the  handle. 

The  Nervous  Apparatus  of  Respiration. 

Like  all  other  functions  of  the  body,  the  discharge  of  which  is  nec- 
essary to  life,  respiration  is  essentially  an  involuntary  act.  Unless  these 
were  the  case,  life  would  be  in  constant  danger,  and  would  cease  on  the 
loss  of  consciousness  for  a  few  moments,  as  in  sleep.  It  is,  however, 
also  necessary  that  respiration  should  be  to  some  extent  under,  the  con- 
trol of  the  wilL  For  were  it  not  so,  it  would  be  impossible  to  perform 
those  respiratory  acts  which  have  been  just  discussed,  such  as  speaking, 
singing,  and  the  like. 
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It  has  been  known  for  centuries  that  there  exists  a  district  o!  tbe 
central  nervous  system  on  the  destruction  of  which  bo'th  re8pirati<m 
and  life  cease.  All  attempts  to  localize  this  districty  however,  before 
those  of  Flourens  were  unsuccessful.  Flonrens,  after  many  series  ol 
experiments  as  to  the  exact  position  of  what  he  called  the  "  knot  of 
life"  (na?ud  vital),  placed  it  in  the  fourth  ventricle,  at  the  point  of  tbe 
V  in  the  gray  matter  at  the  lower  end  of  the  calamus  ecriptorius;  a  dis- 
trict of  considerable  size,  viz.,  5  mm.,  on  both  sides  of  the  middle  lioe. 
Observers  subsequent  to  Flourens  have  attempted  to  show  that  the  chief 
respiratory  centre  on  the  one  hand  is  situated  higher  up  in  the  nervons 
system,  ejj.,  in  the  floor  of  the  third  ventricle  (Christiani),  or  in  the 
corpora  rjuadrigemina  (Martin  and  Booker,  Christian!,  and  Staiiier),or 
on  the  other  hiind,  lower  down  in  the  spinal  cord,  and  that  the  mednllarr 
centres,  if  they  exist,  are  either  accessory  or  subservient  to  such  centres. 
The  baliince  of  experimental  evidence,  however,  is  to  prove  that  the  sole 
centres  for  respiration  is  a  limited  district  in  the  medulla  oblongatsin 
close  connection  with  the  vagus  nucleus  on  each  side,  with  which  they 
are  probably  identical.  The  destruction  of  this  district  stops  respira- 
tion forever;  whereas,  if  it  be  left  in  connection  with  the  masclea  of 
respinition  by  their  nerves,  although  the  remainder  of  the  central  nerrous 
system  be  separated  from  it,  resj)iration  continues.  It  may  be  considered 
almost  certain  that  the  medullary  centre  is  the  only  true  respiratory 
centre,  and  tliat  the  observations  of  Langendorff,  that  in  newly-born 
animals  in  wliioh  the  medulla  has  been  cut  immediately  or  a  few  milli- 
metres below  the  point  of  the  calamus  scriptorius  respiration  continues 
for  some  time  as  in  normal  animals  cannot  be  received.  We  are  indebted 
to  Marckwald  for  much  information  on  this  subject,  and  he  has  come  to 
the  conclusion  tliat  normal  respiration  does  not  occur  after  division  of 
the  bulb  from  the  cord,  find  that  the  so-called  respiratory  movements 
noticed  by  Langendorff  are  merely  tetanic  contractions  of  the  respira* 
tory  muscles  with  which  often  enough  other  muscles  take  part. 

The  action  of  the  medullary  centre  is  to  send  out  impulses  during 
inspiration,  which  cause  re8i)iratory  movements  of  the  muscles — (a)  of 
the  nostrils,  and  jaws  through  the  facial  and  inferior  division  of  the 
fifth  nerves;  (/>)  of  the  glottis,  chiefly  through  the  inferior  laryngeal 
branches  of  the  vagi;  (<)  of  the  intercostal  and  other  muscles  which 
produce  raising  of  the  ribs,  chiefly  through  the  intercostal  nerves,  and 
[^(1)  of  the  diaphragm  through  the  phrenic  nerves. 

If  any  one  of  these  sets  of  nerves  be  divided,  respiratory  movements 
of  the  corresponding  part  cease. 

Similarly  it  may  be  supposed  that  the  centre  sends  out  impulses  dur- 
ing expiration  to  certain  other  muscles.  It  has  been  suggested,  however, 
that  the  centre  consists  of  two  parts,  or  is  double,  and  that  it  is  made 
up  of  an  inspiratory  centre,  which  is  constantly  in  action^  and  of  an  ex- 
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pintory  centre,  which  acts  less  generally,  inasmuch  as  ordinary  tranquil 
expiration  is  seldom  more  than  an  ela^^tic  recoili  and  not  a  muscular  act 
pa  any  marked  degree. 

Assuming  this  view  of  the  double  centres  to  be  correct,  of  their  ex- 

.  mode  of  action  there  is  some  difference  of  opinion;  it  is  now  generally 

>aght  that  they  act  automatically,  but  are  influenced  by  afferent  im- 

from  the  periphery,  as  well  as  by  impulses  pi>ssin|^  down  from 

cerebrum.     The  centre  is,  in  other  words,  both  automatic  and  re- 

li  will  be  simplest  to  discuss  its  reflex  function  first  of  all. 
Action  of  Afffrenl  Stimuli.— (a)  Action  of  the  vagi.^If  both  vagi 
divided  in  the  neck,  the  respirations  become  much  slower  and  deeper; 
lia  may  be  the  case,  but  to  a  less  marked  degree,  if  one  of  the  nerves 
t  divided  instead  of  both.  If  the  central  end  of  the  divided  nerve  be 
^malateti  with  a  weak  iiiterrupted  current,  the  most  constant  effect  is 
it  the  respirations  are  quickened,  and  if  the  stimuli  are  properly  reg- 
ited,  the  normal  rhythm  of  respiration  may  be  resumed.  If  the  stimuli 
repeated  w*ith  suftieient  quickness,  after  a  while  tljo  breathing  ia 
>t]ght  to  a  stand-still  at  the  height  of  inspiration  by  tetanus  of  the 
iphragm.  Sometimes,  howe\"en  stimulation  of  the  central  end  of  the 
iTided  vagi  produces  still  greater  slowing  than  that  which  follows 
be  division,  so  that  if  it  be  continued,  the  respirations  cease,  with  the 
ibragm  in  a  condition  of  complete  relaxation,  Marckwald  considers 
the  differences  in  the  effects  of  vagus  stimulation  are  due  to  the 
stimulus  being  appliiHl  to  the  nerve  at  different  periods  in  the  respira- 
»ry  cycle,  and  that  tho  action  of  the  vagus  may  bo  to  call  forth  either 
Bpiration  or  expimtion — the  impulses  passing  up  the  vagi  being  neces- 
ry  to  the  production  of  the  normal  respiratory  rhythm.  The  fibres 
the  vagus  arc  used  under  the  following  circumstances,  those  fibres 
lich  tend  to  inhibit  expiration  and  to  stimulate  inspiration  are  stim- 
ited  at  their  distribution  in  the  lung  when  the  lung  is  empty  and  in 
i  condition  of  expiration,  and  the  fibres  which  tend  to  inhibit  inspira- 
tion and  to  promote  expiration  are  sfcinuilated  when  the  lung  is  fully  ex- 
Emded.  The  afferent  impulses  arc  the  results  of  mere  mechanical 
imulation,  and  do  not  depend  upon  the  chemical  nature  of  the  giises 
within  the  pulmonary  alveoli.  The  vagus  always  acts  upon  the  centres 
n£  a  stiniuhttor  of  discharge,  or  exciter  of  catabolism, 

(h)  Action  of  the  superior  laryngeal  nerves.— If  the  superior 
laryngeal  branch  of  the  vagus  be  divitled.  which  usually  iiroduces  no 
apparent  effect,  and  the  central  end  be  stimuhited,  the  effect  is  very 
constant^  respirations  are  slowed,  but  there  is  a  tendency  toward  expi- 
ration, as  is  shown  by  the  contraction  of  the  abdominal  muscles.  Thus 
if  the  vagus  fibres  contjiin  fibres  which  stimulate  inspiration  and  inhibit 
expiration,  as  well  as  other  fibres  w^hich  have  the  reverse  effect,  the  su- 
perior laryngeal  fibres  inhibit  inspiration  and  stimulate  expiration. 
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The  superior  laryngeal  nerves  are  true  expiratory  nerves,  and  maj 
oe  set  in  action  when  the  mucous  membrane  of  the  larynx  is  irritated. 
They  are  not  constantly  in  action  like  the  vagi. 

( •)  Action  of  the  glosso-pharyngeal  nenres. — It  has  been  u- 
certained,  chiefly  by  the  researches  of  Marckwald,  that  while  division  o! 
the  glosso-pharyngeal  nerves  produces  no  effect  upon  respiration,  stim- 
ulation of  them  causes  inhibition  of  inspiration  for  a  short  period.  Thii 
action  accounts  for  the  very  necessary  cessation  of  breathing  during 
swallowing.  The  effect  of  the  stimulation  is  only  temporary,  and  is 
followed  by  normal  breathing  movements. 

(fJ)  Action  of  other  sensory  nerves. — The  respiratory  centres 
are  as  a  rule  stimulated  to  produce  respiration  by  impressions  conveyed 
by  sensory  nerves,  e.g.,  the  nerves  of  the  skin;  cold  water  applied  to 
the  surface  is  almost  invariably  followed  by  a  deep  inspiration.  Stimu- 
lation of  the  splanchnics  and  of  the  abdominal  branches  of  the  vagi 
produce  expiration.  The  fifth  nerves,  as  well  as  the  glosso-pharvngetl 
and  the  superior  laryngeal,  inhibit  inspiration,  but  they  tend  to  produce 
a  gnidual  slowing  and  not  an  absolute  inhibition,  as  do  the  glosso- 
pharyngeal. 

It  must  be  remembered  that  although  many  sensory  nerves  may  on 
stimulation  be  made  to  produce  an  effect  upon  the  respiratory  centres, 
there  is  no  evidence  to  show  that  any  one  of  them,  except  the  vagi,  is 
constantly  in  action.  The  vagi  indeed  are,  as  far  as  we  know,  the  only 
normal  regulators  of  respiration. 

Autoiinttir  Aition  of  the  Hespiratory  Centres, — Although  it  has  been 
very  definitely  proved  that  the  respiratory  centres  may  be  affected  by 
afferent  stimuli,  and  particularly  by  those  reaching  them  through  the 
vagi,  there  is  reason  for  believing  that  the  centres  are  Ciipable  of  sending 
out  efferent  impulses  to  the  respiratory  muscles  without  the  action  of 
any  afferent  stimuli.  Thus,  if  the  brain  be  removed  above  the  bnlb, 
ros])iration  continues.  If  the  spinal  cord  be  divided  below  the  bulb, the 
facial  and  laryngeal  respiratory  movements  continue,  although  no  affer- 
ent impulses  can  reach  the  centres  except  through  the  cranuil  sensory 
nerves,  and  these,  as  we  have  seen,  are  not  always  in  action,  and  indeed 
may  be  divided  without  producing  any  effect,  when  the  bulb  and  cord 
are  intact.  As  has  been  shown,  too,  respinition  continues  when  the  vagi 
are  divided.  All  of  these  experiments  render  it  highly  probable  that 
afferent  impulses  are  not  required  in  order  that  the  respiratory  centres 
should  send  out  efferent  impulses  of  some  kind  to  the  respiratory  mus- 
cles; these  centres,  then,  are  automatic.  How  they  act  in  the  absence 
of  afferent  stinuili  has  been  demonstrated  by  Marckwald.  He  has  shown 
—  (a)  firstly,  tliat  if  the  bulb  be  separated  from  the  brain,  and  the  vagi 
be  then  cut,  there  is  first  of  all  inspiratory  spasm  followed  by  irregular 
spasm  of  muscles  both  of  inspiration  and  expiration,  and  death;  {J>) 
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nMdI}V  tbai  if  the  vagi  are  divided,  the  respiratioag,  although  altered 
11  dumcter^  are  regular,  bat  that  if  then  the  brain  is  separated  from 
tkneduLLa,  the  same  respiratory  spasms  occur.  From  these  experiments 
it  is  coaeluded  that  the  automatic  action  of  the  centres  consists  in  the 
Ubtfilioii  of  respiratory  spa,wis  only,  and  not  of  reguhir  rhythmic  mo ve- 
iMliti;  but  that  impressions  reaching  the  centres  either  from  the  cere- 
brum or  through  the  vagi,  prevent  the  gathering  tension  in  the  centres 
from  becoming  too  great,  and  convert  the  epaama  which  would  other- 
wiBe  an««  into  regular  movements*  The  chief  difference  between  the 
I  aofaa  of  the  vagi  and  of  the  cerebral  tracts,  is  that  the  former  are  always 
I  ilietioD*  whilst  the  latter  are  not.  When  the  vagi  are  in  action  and  the 
Uybir  centres  are  not,  periodic  respiration  takes  place,  that  is  to  say, 
rNptniions  occurring  in  groups,  e4ich  sucli  group  being  followed  by  a 
piutt;  a  type  of  respiration  known  as  Che ifne- Stokes  breatfiing,  to  which 
w«  shall  retam  presently.  It  will  be  thus  seen  that  even  the  ordinary 
Mtimof  the  respiratory  centres  is  to  a  large  extent  reflex,  and  depend- 
Otlpim  mgiis  or  cerebral  stimuhition. 

Miih^  of  StimuMion  of  the  Respiratory  Centres. — Apart  then  from 

iffertnt  impulses,  the  respiratory  centres  are  capable  of  working  auto- 

miticaily,  and  this  fact  has  been  exphuoed  by  the  supposition  that  they 

anitimatated  to  action  by  the  condition  of  the  blood  circulating  through 

kkm,  iince  when  the  blood  becomes  more  and  more  venous  the  action 

ofdw  centres  becomes  more  and  more  energetic,  and  if  the  air  is  pre- 

veotid  tram  entering  the  chest,  the  respiration  in  a  short  time  becomes 

Wf  bbored.     Any  obstruction  to  the  entrance  *>f  air  indeed,  whether 

jivtiil  or  complete,  is  followed  by  an  abnormal  nipidity  of  the  inspira- 

I     ^acts.     The  condition  caused  by  any  interference  with  the  f ree  ex- 

ciuigeof  gases  in  the  lungs,  or  by  any  circumstance  in  consequence  of 

I     tUekthe  oxygen  of  the  blood  is  used  up  in  an  abnormally  quick  man- 

'^,b  known  as  thjxpnfea.     If  the  aeration  of  the  blood  is  much  inter- 

^^  with,  not  only  are  the  ordinary  respiratory  muscles  employed,  but 

*J*>  those  mnscles  of  extraordinary  inspiration  and  expiration  which 

^n  Wn  previously  ennmenited.     Thus  as  the  blood  becomes  more  and 

^fiiore  Venous,  the  action  of  the  medullary  centres  becomes  more  and 

^P^ni  ictiTe.     The  question  has  been  m  uch  debated  as  to  what  quality 

^W  the  Tenons  blood  it  is  which  causes  this  increased  activity;  whether 

'*  u  ita  deficiency  of  oxygen  or  its  excess  of  carbonic  acid.     It  has  been 

**w«f«l  to  some  extent  by  the  experiments,  which  show  on  the  one 

htud  thst  dyspn(i?u  occurs  when  there  is  no  obstruction  to  the  exit  of 

p®rt)onic  acid  as  when  an  animsil  is  jilaeed  in  an  atmosphere  of  nitrogen, 

HN  that  it  cannot  therefore  be  due  to  the  accumulation  of  carbonic 

^■id;  And  on  the  other,  that  if  plenty  of  oxygen  is  supplied,  true  dyspnoea 

^piili<>t  occur,  although  the  carbonic  acid  of  the  blood  is  in  excess.     It 

ttliighly  probftble,  therefore,  that  the  respiratory  centres  may  be  atimu- 
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lated  to  action  by  the  absence  of  sufficient  oxygen  in  the  blood  ciicnkt- 
ing  in  it,  and  not  by  the  presence  of  an  excess  of  carbonic  acid. 

But  this  is  not  all,  since  it  has  been  proved  by  Marckwald  that  tki 
medullary  centres  are  capable  of  acting  for  some  time  in  the  abaenee 
of  any  circulation,  and  after  excessive  bleeding.     The  view  taken  by 
this  author  with  regard  to  the  action  of  the  centres  is  as  follows:  tlie 
respiratory  centres  are  set  to  act  by  the  condition  of  their  metabolisn, 
much  in  the  same  way  as  the  heart  is  set  to  beat  rhythmically.    Vha 
anabolism  is  completed,  catabolism  or  discharge  occurs,  and  this  alter- 
nate but  crude  and  spasmodic  action  will  occur  without  a  definite  blood- 
supply,  as  long  as  the  centres  are  properly  nourished  and  stimulated  bj 
their  own  intercellular  fluid.    The  afferent  impulses  brought  by  the  Tagi, 
in  consequence  of  the  stimulation  of  their  terminal  fibres  in  the  langs, 
have  a  tendency  to  bring  about  catabolism,  and  to  convert  crude  respi- 
nitory  spasms  into  regular  and  rhythmic  discharges.     In  the  absence  of 
the  vagus  stimulation,  tlie  impulses  from  the  cerebrum  may  be  effectaal 
for  the  same  purpose. 

It  is  unreasonable  to  think,  however,  that  the  respiratory  centres  are 
independent  of  the  character  of  the  blood-supply  either  as  regards  quan- 
tity or  quality.  This  must  have  a  great  influence  upon  their  irritabilitj; 
it  is  certain,  for  example,  that  venous  blood  greatly  increases  the  respi- 
ratory movements,  first  of  all  both  of  inspiration  and  of  expiratioD,  and 
then  of  the  latter  to  a  greater  degree.  It  may  be  that  the  diminntion 
of  oxygen  in  the  blood  acts  as  a  stimulator  of  catabolism,  in  both  in- 
spiratory and  expinitory  centres,  but  particularly  in  the  latter,  in  a 
manner  similar  to  but  not  identical  with,  that  of  the  vagus.  It  has  also 
been  shown  that  the  presence  of  the  products  of  great  muscular  metabo- 
lism in  the  blood  will  greatly  increase  the  irritability  of  the  respiratory 
centres,  even  if  the  blood  itself  be  not  particularly  venous  in  character. 

It  appears  that  the  inspiratory  and  expiratory  respiratory  centres  are 
bilateral,  and  that  each  pair  may  act  independently,  since  the  bulb  may 
be  divided  longitudinally,  and  then  if  one  vagus  be  divided,  the  respi- 
ratory rhytlim  on  the  two  sides  of  the  body  becomes  unequal,  the  move- 
ments  of  the  side  upon  which  the  vagus  is  divided  being  slower  than  on 
the  other  side,  while  stimulation  of  the  divided  nerve  acts  only  upon 
the  movements  of  its  own  side. 

Apnoea. — When  we  take  several  deep  inspirations  in  rapid  succes- 
sion by  voluntary  effort,  we  find  that  we  can  do  without  breathing  for  a 
much  longer  time  than  usual;  in  other  words, several  rapid  respirations 
seem  to  inhibit  for  a  time  normal  respiratory  movements.  It  was 
thought  that  the  reason  for  this  partial  cessation  of  respiration,  which 
was  called  apnopa,  is  that  by  taking  several  deep  breaths  we  overcharge 
our  blood  with  oxygen,  and  that  as  the  respiratory  centre  can  only  be 
stimulated  by  blood  in  which  the  standard  of  oxygen  is  below  a  certain 
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I,  BO  respiratory  impulses  can  occur  until  the  oxygen  tension  of  the 
lood  reach  that  level.     This  idea  iinist  now  be  uiodified,  if  not  given  op, 
face  of  the  experiments,  ejj,^  those  of  Ileriiig,  on  cats'  blood  during 
which  have  shown  that  animals  in  a  condition  of  upiKea  may 
less  and  not  more  oxygen  in  their  blood  than  in  a  normal  state, 
lihoagh  the  carbonic  anhydride  is  less.     One  view  now  taken  of  the 
of  apncea  is  that  by  rapid  inflations  of  the  lungs  impulses  pass  up 
the  vagi*  by  means  of  which  inspiration  is  after  a  while  inhibited; 
dOiher  view  is  that  by  the  repeated  stimulation  of  the  centre  by  vagus 
1  pulses  which  result  in  rapid  respiratory  movements,  anabolism  is  at 
st  arrested.     Apntea  is  with  difficulty  produced,  if  at  all,  when  the 
are  divided. 
Effects  of  Vitiated  Air*~Ventilation.— As  the  air  expired  from 
tie  lungs  contains  a  large  proportion  of  carbon  dioxide  and  a  minute 
aount  of  organic  putrescible  matter,  it  is  obvious  that  if  the  same  air 
breathed  again  and  again,  the  jiroportion  of  carbonic  dioxide  and 
C^rganic  matter  in  it  will  constantly  increase  till  it  becomes  unfit  to 
breathe;  long  before  this  point  is  reached  however,  uneasy  sensations 
cur,  such  as  headache,  languor,  and  a  sense  of  oppression.     Ji  Is  a  re- 
larkable  fact,  however,  that  the  organism  after  a  time  adapts  itself  to 
very  vitiated  atmosphere,  and  that  a  person  8oo?i  comes  to  breathe, 
riiboui  sensible  inconvenience,  an  atmosphere  which,  when  he  first  en- 
era  it,  feels  intolerable.     Such  an  adaptation,  however  can  only  take 
place  at  the  expense  of  a  depression  of  all  the  vital  functions,  which 
lUst  be  injurious  if  long  continued  or  often  repeated. 

This  power  of  adaptation  is  well  illustrated  by  the  experiments  of 
laude  Bernard.     A  sparrow  is  placed   under  a  bell-glass  of  such  a  size 
(hat  it  will  live  for  three  hours.     If  now  at  the  end  of  the  second  hour 
rhen  it  could  have  survived  another  hour)  it  be  ttiken  out  and  a  fresh 
[lealthy  sparrow  introduced,  the  latter  will  perish  instantly. 

It  must  be  evident  that  provision  for  a  constant  and  phaitiful  supply 
fresh  air,  and  the  removal  of  that  which  is  vitiated,  is  of  far  greater 
mce  than  the  actual  cubic  apace  per  head  of  occupants.  Not 
F^ftn  *^,0€0  cubic  feet  per  head  should  be  allowed  in  sleeping  apart- 
nents  (barracks,  hospitals,  etc.),  and  with  this  allowance  the  air  cjin  only 
"be  maintained  at  the  proper  standard  of  purity  by  such  a  system  of  ven- 
tilation as  provides  for  the  supply  of  1,500  to  2,000  cubic  feet  of  fresh 
air  per  head  per  hour.     (Parkes.) 
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The  Effect  of  Respiration  on  the  Circulation, 

As  the  heart,  the  aorta,  and  pulmonary  vessels  are  sitnated  in  the 
mir-tight  thorax,  they  are  exposed  to  a  certain  alteration  of  pressure 
when  the  capacity  of  the  latter  is  increased  in  in8j>iration;  for  although 
the  expansion  of  the  lungs  tends  to  counter-balance  this  increase  of  area. 


i--^  Handbook  or  phtsiologt. 

".  r.-v^r  ;r-.-i  t/,  *-r.:ireij.  -ir.oe  pan  of  the  pressure  of  the  air  which  ii 
iri*:.  ::.:  ::.r  l-r.z- ihrough  the  trachea  is  expended  in  overcoming 
'.:.t:.T  f:'.  i-'.  ■.:;.'.  T:-e  ;in;<juxit  thus  u»e«]  up  increases  as  the  lunga 
vr'.or:--.-  r:. •■.'•■  ar.i  rr.ore  exi»arided,  so  that  the  pressure  inside  the  thorai 
';-.-.:.!'  ::>:  ;r.»:.v:-.  u-  far  as  the  heart  and  great  vessels  are  eoncerued, 
:-'Wrr  '.\.''-  f^'ii-x.-i  ::iai  outside,  and  at  the  conclusion  of  inspiration  is 
'•vi.-i'ifrri'r/.y  ie--  liiar*  ilie  aimospherio  pressure.  It  has  been  ascertained 
tr.at  tr*«r  arii'.'urii  »jf  iiir  pressure  use*!  up  in  the  way  above  described, 
vari-T  from  '>  or  T  mm.  of  mercury  during  the  pause,  to  30  mnLol 
UiK'Trury  wii^r:  tht*  luni';:  are  expanded  at  the  end  of  a  deep  inspiration, 
-o  th^it  it  uill  r.f'  ur.ier^tood  that  the  pressure  to  which  the  heart  and 
jnrat  vessels  are  subjected  diminishes  as  inspiration  progreasea,  and  at 


Fitr.  'Jl>'.  -  Diairram  of  An  apparntuB  ilhurtratinf?  tlie  effect  of  ionpimtioii  upoa  the  hMttaod 
»rn'ni  vfSf^-N  uitliin  ilit*  thorax.  I.  t\w  thorax  at  res  ;  U.  during  inspinuk>n  ;  d,  remieou  the 
iliiilihrit^iii  wIk'ii  ri'laxf^J :  u'.  when  ciuitrafteil  (Jt  niiiBtbe  rpmembereil  that  thiK  position  is  a  men* 
•  iiiiicniiii).  i.i..  ^^Uf'u  thi-  ca|Nicity  nf  tti«^  thura"  uieiila.ged  ;  H,  the  heart;  v,  the  Teins cnteriBfr it 
iiiKi  A,  liiiMiiM-ia  :  Hi.  U,  till-  r'\\z\\\  an<l  If  ft  liiu^ ;  t,  th  trachea;  m.  inereurial  manometer  incon- 
iiiiriiiiii  Willi  |i]iMiiii.  Tilt*  iiirrr:i>«'  jii  the  oaiiacity  (tf  the  buz  representing  the  thorax  is  seen  to 
ililat*'  III*'  hcari  a-  v^(•Il  as  (Ih-Iiiii^s,  and  90  to  puiiip  in  blood  through  v,  whereaR  the  valre  prereDt* 
i<'ll«-\  \\\T't\i\:\i  A.    TIk'  I'iiMtii^n  uf  the  iiienMiry  in  m  HhowHalao  the  suction  which  is  takiug  place. 

<  l^lIlllMl^. ) 


its  ininiiiHini  is  less  by  *>()  mm.,  than  the  normal  pressure,  760  mm.  of 
Mirnuiy.  It  will  he  umlcrstood  from  the  accompanying  diagram  how. 
that  if  tlicrc  worn  no  lungs  in  the  chest,  if  its  capacity  wore  increased,. 
tlic  ctTrit  of  the;  increase  would  be  expended  in  pumping  blood  into  the 
lirju-t  from  the  veins.  With  the  lungs  placed  as  they  are,  during  in- 
s|»iralion  tlii^  pressure  outside  the  heart  and  great  vessels  is  diminished, 
and  lliey  liave  therefore  a  tendency  to  expand  and  to  diminish  the  intra- 
\asrular  pressure.  The  diniinuti»)n  of  i)res8ure  within  the  veins  passing 
to  tlie  riicht  auriele  and  witliin  the  right  auricle  itself,  will  draw  the 
hhM»d  into  tlie  thorax,  and  so  assist  the  circulation.  This  suction  action 
is  indeprndent  of  the  surtion  power  of  the  diastole  of  the  auricle  about 
which  we  have  previously  spoken.     The  effect  of  sucking  more  blood 
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ito  tTie  right  auricle  will,  cmtertH  parihu.%  increase  the  amount  passing 

through  the  right  ventricle,  which  also  exerts  a  similar  suctioii  action, 

ainl  through  the  lungs  into  the  left  uuricle  :ind  ventricle,  und  thus  into 

the  aorta.     This  all  tends  to  increase  the  blood-pressure.     The  effect  of 

^^he  diminished   pressure  upon  the  pulmonary   vessels  will   also    help 

^powurd  the  same  end,  Le.^  an  increased  flow  through   the  lungs,  so  that, 

^^  as  fiir  as  the  heart  and  its  veins  are  concerned,  inepirution  increases  the 

I  blood -pressure  in  the  arteries.     The  effect  of  insipiration  upon  the  aorta 

id  its  branches  witliin  the  thorax  would  be,  however,  contrary;  for  as 

[the  pressure  outside  is  diminished  the  vessels  would  tend  to  expand,  and 

l&hus  to  diminish  the  tension  of  the  blood  within  them,  but  inasmuch  as 

large  arteries  are  capable  of  little  expansion  beyond  their  natural 

[ealibre^  the  diminution  of  the  arteriikl   tension  aiused  by  this  means 
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FJlf.  ?I9.— Cornpari»oti  of  blrK»cI-prp«*ture  curve  with  ciirv**  of  intm-lhoracicpresHurp.  (Trt  fcierpiwi 
I  l«?f I  to  ri^ht  I  1)  Ib  tt*e  curve  of  tiloiHi  pressune-  with  irs  rewpiratorj  u[idiilatii!»ta}<t,  tht*  tilowier 
1  rto  th«  d*«eent  l)f  inir  v^rj^  tnarkiMl:  5  iM  th**  »Tiirv«?  of  {ntrn-thoracic  i»rt*<»urii?  otjtaiiied  hy  con- 

n^  ooi?  limb  of  a  manomi'ter  with  the  ijlnrnl  cavity     In^ipinit^on.  beiniiB  at  i  arnl  f^xpiratioii  at 

n.  The  totna-thoracic  f^resfnire  rineft  Vf  ry  rauiilly  aft^r  the  oHtHation  of  the  ititipiratury  t^fTort.  and 
Itliea  tlowljr  tmXhk  m  the  air  1wiir«  frciru  the  cWi;  at  the  bej^nainx  of  tlie  jnapimtgry  (^(fort  the  fall 
^'becooHs  more  rapid.     ( M .  Fo«t  er. ; 

would  be  insufficient  to  counteract  the  increase  of  blood-pressure  pro- 
duced bj  the  effect  of  inspiration  upon  the  veins  of  the  chest,  and  the 
balance  of  the  whole  action  would  be  in  favor  of  an  increase  of  blood- 
pressure  during  the  inspiratory  period.  But  if  a  blooil-prcaaure  tracing 
be  taken  at  the  same  time  that  the  respiratory  movements  are  being 
recorded,  it  will  be  found  that,  although  speaking  genenillj^  the  arterial 
tension  is  increased  during  inspiration,  the  maximum  of  arterial  tension 
does  not  correspond  with  the  acme  of  inspiration  (fig.  219).  In  fact,  jit 
the  beginning  of  inspiration  the  pressure  continues  to  fall,  then  gradually 
rises  until  the  end  of  inspiration,  and  continues  to  do  80  for  some  time 
after  expiration  has  commenced. 

As  regards  the  effer-t  of  erjnraiion^  the  capacity  of  the  chest  ia 
diminished,  and  the  intra-thorucic  pressure  returns  to  the  normal,  which 
is  not  exactly  equal  to  the  atmospheric  pressure.     The  effect  of  this  on 
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the  Toins  is  to  increase  their  extra- vascular  and  so  their  intra-vascuUr 
]iressuro,  and  to  diminish  the  flow  of  blood  into  the  left  side  uf  :L« 
heart,  and  witli  it  the  general  blood-pressure,  but  this  is  almost  exacih 
balanced  by  the  necessary  increase  of  arterial  tension  caused  b\  iLe 
increase  of  the  extra- vascular  pressure  of  the  aorta  and  large  arteries,  !v» 
that  the  arterial  tension  is  not  much  affected  during  expiration  either 
way.  Thus,  ordinary  expiration  does  not  produce  a  distinct  obstnictioc 
to  the  circulation,  a.s  even  when  the  expiration  ia  at  an  end  the  iutra- 
thonicir'  pressure  is  less  than  the  extra- thoracic. 

The  effect  of  vioKnt  expiratory  efforts,  however, has  a  distinct  action 
in  obstructing  the  current  of  blood  through  the  lungs,  as  seen  in  the 
blueness  of  the  face  from  congestion  in  straining,  this  condition  heic:; 
prodiiciMl  by  pressure  on  the  small  pulmonary  vessels. 

We  may  summarize  tliis  mechanicsil  effect  of  respiration  on  theblnMi]. 
])ressuri*  therefore,  and  say  that  inspiration  aids  the  circnlatiou  and  ^o 
iiKTcases  the  arterial  tension,  and  that  althongh  expiration  dues  not 
materially  aid  the  circulation,  yet  underordinary  conditions  neither  df^s 
it  obstruct  it.  Under  extraordinary  conditions,  however,  as  in  violin: 
expiration^  the  circulation  is  decidedly  obstructed. 

\\\'  have  seen,  however,  that  there  is  no  exact  correspondence  between 
the  point  of  highest  blood -pressure  and  the  end  of  inspiration,  and  ve 
must  suppose  that  there  are  other  mechanical  factors,  such,  for  exaniplis 
as  thi*  cfffct  of  the  abdominal  movements,  both  in  inspiration  and  in 
exiii ration,  upon  tlie  arteries  and  veins  within  the  abdomen  and  of  the 
lower  (Xtreniit it's,  and  the  influence  of  the  varying  intrathoracic  pres- 
sure ui»on  the  jiulnionary  vessels,  btitli  of  which  ought  to  be  taken  into 
rousideration.  As  regards  the  first  of  tliese,  the  effect  during  inspira- 
tion—as the  cavity  t>f  the  alxlomen  is  diminished  by  the  descent  of  tlit? 
diapliragni — should  )><•  two-fold:  on  the  one  hand,  blood  would  be  sent 
u])ward  into  the  rlu'st  l»y  i-oinpression  of  the  vena  cava  inferior;  on  llie 
other  hand,  the  passa^'e  of  blood  downward  from  the  chest  in  the 
abdominal  iiorta.aiid  upward  in  the  veins  of  the  lower  extremity,  would 
be  to  a  certain  extent  obstrueled.  In  ordinary  expiration  all  this  would 
b«'  reversed,  but  if  the  alMlnminal  muscles  are  violently  contracted,  as  in 
extraordinary  expiration,  the  same  effe<*l  would  be  produced  as  by  in- 
spiration. The  elTeet  of  tlie  varying  intrathoracic  pressure,  which  occurs 
during  ins  jurat  it»n  upon  tlie  pulmonary  vessels  is  to  produce  an  initial 
dilatation  of  lioth  artery  and  veins,  and  tins  delays  for  a  short  time  the 
passa.ire  of  blnod  toward  tlie  left  side  of  the  heart,  and  the  arteria] 
]»ressi!ro  falls,  hut  the  fall  of  hl(M»d-])ressure  is  soon  followed  by  a  steady 
rise,  since  the  llow  is  increased  by  the  initial  dilataticm  of  the  vesaels: 
the  converse  is  the  ease  with  exidnition.  As,  however,  the  pulmonary 
veins  are  more  ejisiiy  ililatable  than  the  pulmonary  artery,  their  greater 
distensibility  increases  the  flow  of  blood  as  inspiration  proceeds,  while 
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iriBg  expiration,  except  at  its  beginning,  this  property  of  theirs  acts  in 
lie  apposite  direction,  and  diminishes  the  flow*  Thus,  at  the  beginning 
f  tnspimtion  the  diminntion  of  blood-preBsore,  which  commenced  during 
Ipiration,  is  continued,  but  after  a  time  the  diminution  is  succeeded  by 
\  steady  rise;  the  reverse  is  the  case  with  expiration — at  first  a  rise  and 
\en  a  fall. 

The  cflfect  of  the  nervous  system  in  producing  rhythmical  altera- 
%9  quite  independent  of  the  mechanic^illy  caused  undulations  of  the 


_  ^.  $W.— Tr»iib<*-HFiilifr'«  currai.  (To  bt*  neAd  from  left  to  rtght.)  The  corv'S  1 .  -*,  3.  i,  tiwi  5 
n portkma  aelocted  from  odc  contmuoua  tmciug:  forujitiK:  the  n?cortJ  of  »  prolog ;r^-d  ^>hs»'rvaiion, 
>  t&at  tb©  Bevei'al  curve*  i^prtweut  successive  Btw^of  tht*  same  experimetit.  Kftch  rurve  is  \Am^>^ 
in  its  proper  posit  ion  relative  to  the  base  Uae^  which  ii^  omitt4^d  ;  the  b]ood'preei.stjr>/  t  is' .<  in  stuji^e^ 
itttm  1  to  a,  B,  mad  4,  but  falUsicaln  in  «ta«pe  fi.  Curve  :  in  taken  from  a  period  when  artitlomt  i>^ 
pbmlloo  was  beiiif  kept  up^  but  the  vo^  havini?  beeti  d1xiiie<l,  the  puls&UaciB  on  the  ii»M*ut  and  dt»- 
teenlof  theniidumtlonii  do  not  differ;  when  artjilofal  i>*9pimtloa  ceased  those  undulatious  for  a 
while  disappeared,  and  the  btood  pressune  rii««>  t^t^r^ndily  whde  the  heart-beats  became  li-Jower.  S^iou, 
asat  t,  Dew  undulations  apijean^fl ;  a  Uttle  later,  tht'  blood -prr'ftsTi re  wa.»  still!  rising,  the  heart  beats 
still  slower,  but.  the  uiidulaiioos  still  more  obvious  01  r,  at  ill  hiter  1 4),  ihr.  pn^iiHyre  was  still  bibber, 
bat  ttie  heart -tjeats  "were  quicker,  and  the  undulatkmK  Hatter,  the  prt^iwure  then  began  to  fall  rapidly 
C5J,  and  oootlnued  to  fall  ubjU  aooio  time  after  arttflci&l  respiration  was  resumed.    CM.  Foster  J 

blood -pressH re  is  two-fold.  In  the  first  place  the  cfirdw-ifihibikirf^  venire 
is  stimulated  during  the  fall  of  hlood-pressnre,  and  produces  a  slower 
rate  of  heart-beat,  which  will  be  noticed  in  the  tracing  (fig,  220).  The 
undulations  during  the  decline  of  blood -pres sure  are  therefore  longer 
but  less  frequent.  This  elfect  ilisappcar^  when,  by  section  of  the  vagi, 
the  effect  of  the  centre  is  cut  off  from  the  heart.  In  the  second  place, 
the  vaMO-rnofor  eenfn  sends  out  rhythmical  impulseB,  by  which  undula- 
tiona  of  blood-pressure  are  produced^  quite  independent  of  the  so-called 


286  HANDBOOK   OP   PHY8IOLOOT. 

respiratory  undalations.    The  action  of  this  centre  in  producing  &qc^ 
undulations  is  thus  demonstrated.    In  an  animal  under  the  influeiice 
of  uniriy  a  record  of  whose  blood-pressure  is  being  taken,  and  wbeie 
artificial  respiration  has  been  stopped,  and  both  vagi  cut,  the  blood- 
pressure  curve  rises  at  first  almost  in  a  straight  line,  but  after  a  time 
rhythmical    undulations    occur    (called    Traube's   or    Traube-Herin^t 
curves) ;  there  may  be  upward  of  ten  of  the  respiratory  undulations  in 
one  Traube-IIering  curve.     They  continue  as  long  as  the  blood-prefigure 
continues  to  rise,  and  only  cease  when  the  vaso-motor  centre  and  the 
heart  are  exhausted,  when  the  pressure  falls.  *  The  undulations  cannot 
depend  upon  anything  but  the  vaso-motor  centre,  as  the  mechanical 
effects  of  respiration  have  been  eliminated  by  the  urari  and  bjtbe 
cessation  of  artificial  respiration,  and  the  effect  of  the  cardio-inhibitory 
centre  has  been  removed,  by  the  division  of  the  vagL     The  rhytbmic 
rise  of  blood-pressure  is  most  likely  due  to  a  rhythmic  constriction  of 
the  arterioles  followed  by  a  rhythmic  fall  of  pressure  and  relaxation, 
both  being  due  to  the  action  of  the  vaso-motor  centre.     The  vaso-motor 
centre,  therefore,  as  well  as  the  cardio-inhibitory,  is  capable  of  produc- 
ing rhythmical  undulations  of  blood-pressure. 

Cheyne-Stokei^  breathing  is  a  rhythmical  irregularity  in  respirations 
which  has  been  observed  in  various  diseases,  and  is  especially  connected 
with  fatty  degeneration  of  the  heart.  Respirations  occur  in  groups,  at 
the  beginning  of  each  group  the  inspirations  are  very  shallow,  but  each 
successive  breath  is  deeper  than  the  preceding,  until  a  climax  is  rcacbed, 
after  which  the  inspirations  become  less  and  less  deep,  until  they  ceage 
after  a  slight  pause  altogether.  This  phenomenon  appears  to  be  due  to 
the  want  of  action  of  some  of  the  usual  cerebral  influences  which  pass 
down  to  and  regulate  the  discharges  of  the  respiratory  centres. 

Whatever  is  the  exact  quality  of  the  venous  blood  which  excites  the 
respiratory  centre  to  produce  normal  respirations,  there  can  be  no  doubt 
that  as  the  blood  becomes  more  and  more  venous  from  obstruction  to 
the  entrance  of  air  into  the  lung,  or  from  the  blood  not  taking  up  from 
the  air  its  usual  supply  of  oxygen,  the  respiratory  centre  becomes  more 
active  and  excitable,  and  a  condition  ensues,  which  passes  l^pidly  from 
Ifi/porpiupa  (excessive  breathing)  to  the  state  of  Dyspyuea  (difficult 
breathing),  and  afterward  to  Asphyxia  ;  and  the  latter,  unless  relieved, 
quickly  ends  in  deatli. 

The  ways  by  which  this  condition  of  asphyxia  may  be  produced  are 
very  numerous: — As,  for  example,  by  the  prevention  of  the  due  entry 
of  oxygen  into  the  blood,  either  by  direct  obstruction  of  the  trachea  or 
other  part  of  the  respiratory  passages,  or  by  introducing  instead  of 
ordinary  air  a  gas  devoid  of  oxygen,  or,  by  interference  with  the  due  in- 
terchange of  gases  between  the  air  and  the  blood. 

The  symptoms  of  asphyxia  may  be  divided  into  three  groups,  which 


KF^sriKATION. 


2H7 


md  with  the  stages  of  the  noiidition  which  are  usually  recog- 
1»  these  lite  (!)♦  the  stuge  of  exaggerated  breathing;  (2),  the  stage 
^t  convulsions;  (S),  the  stage  of  exhaustion. 

In  the   tir/tt  ntaije  the  breathing  becomes  more  rapid  and  at  the  same 
le  more  deep  than  usnal,  the  inepinttions  at  first  being  especially  ex- 
Iggcnited  and  prolonged.     The  maiscles  of  extniordinary  inspiration  are 
led  into  action,  and  the  effort  to  respire  is  labored  and  painful     This 
I  soon  followed  by  a  similar  increase  in  the  expiratory  efforts,  which 
jme  excessively  prolonged,  being  aided  Ijy  all  the  muscles  of  extra- 
irdinary  expiration*     Dnring  this  st^ige,  which  lasts  a  varying  time, 
3m  a  minute  upward,  according  as  the  deprivation  of  oxygen  is  sudden 
l>r  gradual,  the  lips  become  blue,  the  eyes  are  prominent,  and  the  ex- 
pression intensely  anxious.     The  prolonged  respirations  are  accompanied 
bj  a  distinctly  audible  sound;  the  muscles  atttiched  to  the  chest  stand 
^iki  as  distinct  cords.     This  stuge  includes  the  two  conditions  hyperpntca 
ad  dyspncea  already  spoken  of.     It  is  due  to  the  increiisingly  powerful 
timulation  of  the  respiratory  centres  by  the  increasingly  venous  blood. 
In  the  svrond  stag*',  which  is  not  nuirked  out  hy  any  distinct  line  of 
lemarcation  from  the  first,  the  violent  expiratory  effort  a  become  con- 
ilsivey  and  then  give  way,  in  men  and  other  warm-blooded  animals  at 
ly  rate,  to  general  convulsions,  which  arise  from  the  further  stimnbi- 
Ltion  of  the  centres.     The  spasms  of  the  muscles  of  the  body  in  gonoral 
cur,  and  not  of  the  respiratory  muscles  only.     The  convulsive  stage 
a  short  one,  and  lasts  far  less  than  a  minute. 
The  third  star/e  or  stage  of  exhaustion.     In  it,  the  respirations  all  hut 
cease,  the  spasms  give  way  to  flaccid ity  of  the  muscles,  there  is  insensi- 
bility, the  conjunctiva*  are  insensitive  and  the  pupils  are  widely  dilated. 
Every  now  and  then  a  prolonged  sighing  inspiration  takes    place,  at 
longer  and  longer  intervals  until  they  cease  altogether,  and  death  en- 
,#QeB.     During  this  stage  the  pulse  is  scarcely  to  he  felt,  but  the  heart 
lay  beat  for  some  seconds  after  respirations  have  quite  ceased.    The 
condition  is  due  to  the  gradual  paralysis  of  the  respiratory  centre  by 
the  prolonged  action  of  the  increasingly  venous  blood. 

As  with  the  first  stage,  the  duration  of  the  second  and  third  stages 
depends  whether  the  manner  of  the  deprivation  of  oxygen  is  sudden  or 
gradual.  The  convulsive  stage  is  short,  lasting,  it  may  be,  only  one 
minute.     The  third  stage  may  last  three  minutes  and  upward. 

The  rnnditions  of  thr  raseuhir  Hffdem  in  asphyxia  are: — (1)  More  or 
less  interference  with  the  pii8s<age  of  the  blood  through  the  pulmonary 
hlood-TeBselB;  (2)  Accumulation  of  blood  in  the  right  side  of  the  heart 
and  in  the  systemic  veins;  (3)  Circulation  of  impure  (non-aerated) 
blood  in  all  parts  of  the  body. 
H       After  death  from  Jisphvxia  it  is  found  in  the  great  majority  of  crises 
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Tit':rL§  lire  gorp&i  vith  dark,  almost  Uack  blood,  and  the  left  side  o!  the 
L<^r:,  ih*:  y^lmonsLrj  reiiu,  and  the  aiterioB  are  empty.  The  exphua- 
iloz.  of  :L^9«  apj«&nnces  maj  he  thng  sammarixed :  when  respiration 
k  aUji'i^t^,  T€rLoa«  blood  at  first  paases  freelj  through  the  lungs  to  the 
left  Le^rt.  siLd  eo  to  the  great  arteries.  When  it  reaches  the  arterioki 
eitti^er  bj  iu  liirert  action  upon  their  muBcnlar  tissue,  or  more  probahh 
throe gh  the  medium  of  the  raso-niotor  centres,  the  arterioles  contract, 
farticuLirlT  those  of  the  splanchnic  area,  the  blood-pressure  rises  and 
the  hfi  side  of  the  heart  becomes  distended.  This  Litter  effect  may  be 
from  the  eitm  miction  of  the  right  hearty  but  is  more  probably  dne  to 
the  17; created  fienpheml  resistance.,  and  its  slower  beat.  Although  the 
arteriole-  are  contracted,  a  little  blood  is  allowed  to  pass  through  them, 
and  this  highly  venous  bl<XMi,  favored  by  the  labored  respiratory  moT^ 
meutfi.  arrives  at  the  right  side  of  the  heart.  When  it  reaches  the  pul- 
monary arterioles  it  gives  rise  to  the  same  contraction  in  them  as  it  did 
in  the  systemic  vessels.  This  obstruction  to  the  circulation  through 
the  lungs  causes  a  distended  condition  of  the  right  heart  and  the  pnl- 
monary  artery,  and  on  the  other  hand,  produces  a  greatly  diminished 
bloo<]-flow  through  the  pulmonary  veins  and  to  the  left  side  of  the  heart, 
resulting  after  a  time  in  practical  emptiness.  So  that  in  the  third  stage 
of  a^phyxi.'i  it  is  stated  by  some  observers  that  the  left  heart  gets  into 
the  condition  in  which  it  is  found  after  death.  Others  think  that  the 
empty  condition  of  the  left  heart  is  a  post-mortem  phenomenon.  In 
the  first  and  second  stages  of  the  condition  the  blood-pressure  continn- 
onsly  rises  until  it  reaches  a  point  far  above  the  ngrmal.  The  veins  are 
greatly  engorged,  so  that  when  pricked  they  act  as  arteries,  inasmuch  as 
they  eject  tlie  blood  for  some  distance.  Both  sides  of  the  heart  and  the 
pulmonary  vessels  are  engorged  with  blood,  at  any  rate  during  the 
greater  portion  of  these  stages,  and  at  the  third  stage  blood-pressure 
falls  rapidly. 

Cfufsr  of  //f'ff//i.—T\\e  causes  of  these  conditions  and  the  manner  in 
wlii(;h  they  act,  so  as  to  be  incompatible  with  life,  may  be  here  briefly 
considered. 

(1 )  'J'lie  obstruction  to  the  passage  of  blood  through  the  lungs  occurs 
chiefly  in  the  later  stages  of  asphyxia,  the  obstruction  being  chiefly  in 
the  arterioles,  which  contract  under  the  influence  of  the  vaso-motor 
(u^ntrc,  or  j)ossil)ly  of  a  special  part  of  it,  which  governs  the  action  of  * 
the  pulmonary  blood-vessels. 

(2)  Accumulation  of  blood,  with  consequent  distention  of  the  right 
side  of  the  heart  and  of  the  systemic  veins,  is  the  direct  result,  at  least 
in  part»  of  the  obstruction  to  the  pulmonary  circulation  just  referred  to. 
Other  causes,  however,  are  in  operation,  (a)  The  vaso-motor  centres 
sti  nulla  ted  by  bh)od  deficient  in  oxygen,  cause  contraction  of  all  the 
snuill  arteries  with  increase  of  arterial  tension^  and  aa  an  immediate 
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OODBequence  the  filling  of  the  systemic  veins,  (b)  The  increased  arterial 
tension  is  followed  by  inhibition  of  the  action  of  the  heart,  and  the 
-  heart,  contracting  less  frequently,  and  also  gradually  enfeebled  by  defi- 
^  cient  supply  of  oxygen,  becomes  over-distended  with  blood  which  it 
'  oumot  expel.  At  this  stage  the  left  as  well  as  the  right  cavities  are 
^  orer-distended. 

*  Tho  ill  effects  of  these  conditions  are  to  be  looked  for  partly  in  the 
^  hearty  the  muscular  fibres  of  which,  like  those  of  the  urinary  bladder  or 
t  any  other  hollow  muscular  organ,  may  be  paralyzed  by  over-stretching; 
^'  and  partly  in  the  venous  congestion,  and  consequent  interference  with 
i  the  fanction  of  the  higher  nerve-centres,  especially  the  medulla  ob- 
k   longata. 

^         (3)  The  passage  of  non-aerated  blood  through  the  lungs  and  its  dis- 
I    tribution  over  the  body  are  events  incompatible  with  life  in  one  of  the 
fe'    higher  animals  for  more  than  a  few  minutes;  the  rapidity  with  which 
K    death  ensues  in  asphyxia  being  due,  more  particularly,  to  the  effect  of 
non-oxjgenized   blood  on  the  medulla  oblongata,  and,  through   tho 
ooronary  arteries,  on  the  muscular  substance  of  the  heart.    The  excita- 
bility of  both  nervous  and  muscular  tissue  is  dependent  on  a  constant 
and  large  supply  of  oxygen,  and,  when  this  is  interfered  with,  excita- 
bility is  rapidly  lost. 

Effects  of  breathing  gases  other  than  the  atmosphere. — The  diminu- 
tion of  oxygen  has  a  more  direct  influence  in  the  production  of  the  usual 
symptoms  of  asphyxia  than  the  increased  amount  of  carbon  dioxide. 
Indeed,  the  fatal  effect  of  a  gradual  accumulation  of  carbon  dioxide 
in  the  blood,  when  a  due  supply  of  oxygen  is  maintained,  resembles 
rather  the  action  of  a  narcotic  poison  than  it  does  asphyxia. 

Then  again  we  must  carefully  distinguish  the  asphyxiating  effect  of 
an  insufficient  supply  of  oxygen  from  the  directly  poisonous  action  of 
BDch  gases  as  carbonic  oxide,  which  is  contained  to  a  considerable 
amonnt  in  common  coal-gas.  The  fatal  effects  often  produced  by  this 
gas  (as  in  accidents  from  burning  charcoal  stoves  in  small,  close  rooms) 
are  due  to  its  entering  into  combination  with  the  hsBmoglobin  of  the 
blood-corpuscles  and  thus  expelling  the  oxygen.  The  partial  pressure 
of  oxygen  in  the  atmosphere  may  be  considerably  increased  without 
much  effect.  Hydrogen  may  take  the  place  of  nitrogen  if  the  oxygen 
is  in  the  usual  proportion  with  no  marked  ill  effect.  Sulphuretted 
hydrogen  interferes  with  the  oxygenation  of  blood.  Nitrous  oxide 
acts  directly  on  the  nervous  system  as  a  narcotic.  Certain  gases,  such 
as  carbon  dioxide  in  more  than  a  certain  proportion;  sulphurous 
and  other  acid  gases,  ammonia,  and  chlorine  produce  spasmodic 
closure  of  the  glottis,  and  are  irrespirable. 

As  conditions  causing  asphyxia  in  addition  to  the  obstruction  to  the 
trachea  or  elsewhere,  and  the  prevention  of  the  meeting  of  the  blood 
19 
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ar.i  :?:*-  lir  in  :r.r  lanz  tL«ne  bj  the  blccking  of  one  or  more  branchy 
of  '.f.*:  f'^ifTiOL^iry  anrry.  maj  be  mentioDed  the  following: 

,1  /-fr'/M^/M  frt  rv  ntm^iMpfuiric  ]^rts*ure, — The  normal  condition  of 
hreacrii.'.z  i-^  c^^^c  ^he  oxvgen  of  the  mir  bremthed  should  be  at  the  jires- 
•sxire  of  I  '/f  :r-*  artno^phere,  tIz^  ^  of  760  mm.  of  mercury,  or  15*2  mra^ 
b^.c  I:  :.•  foar.'i  ciiat  life  may  be  carried  on  by  gradual  diminution  of 
the  ovi^ren  j>re*aare  to  considerably  less  than  one  half  of  tliis,  viz.,io 
T»;  rrim.,  or  .\  j^cArtLii  pre:«£ure,  which  is  reached  at  an  altitude  above 
l."*,i,»«x?  f*H>t.*  Any  pressure  less  than  this  may  begin  to  produce  aliera- 
tion^  in  the  relaii<>n«  of  the  gases  in  the  blood,  and  if  an  anim<il  ig&ub- 
y.-cte'i  sU'l'ienly  Vj  a  markerl  decrease  of  barometric  pressure,  and  so  of 
oxyjren  |»r».s.iiirf  ifA-iow  7  jit-r  cent),  it  is  thrown  into  convulsions,  and  it 
in  fouii'I  that  the  gases  are  set  free  in  the  blood-Tessels,  no  doubt  carbon 
dioxi'i*-  jii'i  oyxgen  as  well  as  nitrogen,  although  the  latter  is  tbeonlj 
one  of  the  trin.e  '^vLaf^  tlie  presence  of  which  in  the  vessels  in  death 
from  this  condition  of  affairs  has  been  proved;  the  others  are  said  to 
Ui  rtabsorJied.  Other  derangements  may  precede  this,  f.//.,  bleeding 
from  the  nos^e,  dyspna'a,  and  vascular  derangement.  On  the  other  hand, 
the  ovLrxen  may  l>e  gradually  increased  to  a  considerable  extent  witbont 
marked  effect,  even  to  the  extent  of  8  or  10  atmospheres,  but  when  the 
oxygen  pre-^sure  is  increased  up  to  20  atmospheres  the  animals  ei])eri- 
mented  ufjon  by  Paul  Bert  died  with  severe  tetanic  convulsions.  The 
altenition  of  jiressure  above  or  below  a  certain  average  affects  primaril? 
the  gaseous  interchange  in  the  lungs,  and  then  that  in  the  tissues  gene- 
rally, but  signs  of  dvspnoja  may  be  produced  as  well  either  by  cnitinfj 
off  the  ^^'jtpljf  of  hlood  ft)  the  medullary  centres,  or  by  warviing  the  hlifod 
of  the  rarotid  arteries  which  supply  them.  The  canse  in  the  former 
case  being  the  deprivation  of  oxygen  and  the  accumulation  of  the  car- 
bon dioxide,  and  of  tlie  latter,  the  increased  metabolism  of  the  centre 
net  iij)  by  tlie  warmed  blood. 


*  Fnrari  int<'r(\stinj4  account  of  the  symptoms  produced  by  diuiinishe<l  atnK«- 
plicTic  jin'ssiin*  in  tlioso  moiintiDg  to  very  high  altitudes,  Whymper's  "* Travels 
unionght  tho  Andes  of  the  Etiuator"  may  be  consulted. 


OHAPTEE  VIII. 

POOD  AND  DIGESTION. 

^       Thb  object  of  digestion  is  to  bring  the  materials  of  the  food  into 
3  iBoh  a  condition  that  they  may  be  taken  up  by  the  blood  and  lymphatic 
^tf— nlflj  and  so  rendered  ayailable  for  the  wants  of  the  system.     Very 
jlbw  of  these  materials  are  fit  for  this  purpose  when  taken  into  the  body, 
id  the  majority  would  therefore  be  to  all  intents  and  purposes  quite 
unless  digested. 
It  is  unnecessary  to  mention  all  the  various  substances  which  may 
[clHiTe  been  used  as  food  at  some  time  or  another,  and  we  shall  confine  our 

•Alention,  therefore,  to  the  chief  and  most  familiar  articles  of  diet. 
Kr         We  find,  then,  that  foods  may  be  divided  into  classes  corresponding 
t   flkmelj  to  those  employed  to  describe  the  chief  substances  of  which  the 
;i"  animal  body  consists.    This  classification  maybe  recapitulated  as  fol- 
t  lows: — 

^'       ORGANIC. 

L  Foods  primarily  containiDg  Nitrogenous  Bubstances,  consiBtiDg  of  Pro- 
teids,  e.(^., albumen,  casein,  myosin,  gluten,  legumin  and  their  allies; 
.'  and  Gelatins,  e.g.,  gelatin,  elastin,  and  chondrin. 

L  n.  Food  primarily  containing  Non-Nitrogenous  substances,  comprising : 

•^  (1.)  AmyUnd  or  saccharine  bodies,  chemically  known  as  carbo-hydrates; 

i  e,g.,  starches  and  sugars. 

"^  (2.)  OUs  and  fats. — These  substances  contain  carbon,  hydrogen,  and  oxy 

E^  gen,  but  the  oxygen  is  less  in  amount  than  in  the  amyloids  and 

'^.  saccharine  bodies. 

INORGANIC. 

I.  Foods  which  supply  Mineral  and  saline  matter. 
II.  Liquid  food  containing  chiefly  Water. 

Man  requires  that  the  chief  part  of  his  food  should  be  cooked.  Very 
few  organic  substances  can  bo  properly  digested  without  previous  ex- 
posure to  heat  and  to  other  manipulations  which  constitute  the  process 
of  cooking. 

Organic  nitrogenous  foods. 

a. — The  Flesh  of  Animals,  e.g.,  of  the  ox  (beef,  veal),  sheep  (mutton, 
lamb)^  pig  (pork,  bacon,  ham). 

Of  these,  beef  is  richest  in  nitrogenous  matters,  containing  about  20 
per  cent,  whereas  mutton  contains  about  18  per  cent,  veal  16.5,  and 
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pork,  10;  beef  is  al£o  firmer,  more  satisfying,  and  is  supposed  to  be 
more  strengthening  than  mutton,  whereas  the  latter  is  more  digestible. 
The  flesh  of  joang  animals,  sach  as  Iamb  and  veal,  is  less  digestible  and 
less  nutritions.  Pork  is  comparatifely  indigestible,  and  contains  t 
large  amount  of  fat. 

Flesh  contains: — (1)  Nitrogenous  bodies;  chiefly  myosin,  and  one  or 
more  globulifut;  t^erum-albumiHy  gelatin  (from  the  interstitial  fibrom 
connerrtive  tissue);  elajfiin  (from  the  elastic  tissue),  as  well  as  h<m(h 
gMin.  {t)  Fatty  matters,  including  lecithin  and  cJwlesterin,  (3)  Ex- 
tractive matters,  some  of  which  are  agreeable  to  the  palate,  e.g,  osmaz(ftm, 
and  others,  which  are  weakly  stimulating,  e.g.,  creafin.  Besides,  then 
are  Harcolartic  and  inot^itir  aridm,  faiirin,  xanihin,  and  others.  (4)  Salti, 
cliiefly  of  potassium,  calcium,  and  magnesium.  (5)  Water,  the  amount 
of  which  varies  from  15  per  cent  in  dried  bacon  to  39  in  pork,  51  to  53 
in  fat  beef  and  mutton,  to  72  per  cent  in  lean  beef  and  mutton.  (6)  A 
certain  amount  of  carbo-hydrate  material  is  found  in  the  flesh  of  some 
animals,  in  the  form  of  inotsite,  dextrin,  grape  su^ar,  and  (in  young 
animals)  gh/rogen. 

Table  of  Percentage  CoMPOsmoN  of  Beef,  Mutton.    Pork,    and  Vkal.- 

(Letheby.  ) 

Water.  Albumen.  Fata.  Salts. 

Beef.— Ja  an    .         .         .         .73  19.3  3.6  5.1 

Fnt   ....              51  14.8  29.8  4.4 

Mutton.— Lean        ...         73  18.3  4.9  4.8 

Fat      ...              53  12.4  31.1  3.5 

Veal 63  16.5  15.8  4.7 

Pork.— Fat          ...               89  9.8  48.9  2.8 

Togctlier  with  the  flesh  of  the  above-mentioned  animals^  that  of  the 
deer,  hare,  rahhif^  and  birds,  constituting  venison,  game,  and  jmdtr^, 
should  be  added  us  taking  part  in  the  supply  of  nitrogenous  substances, 
and  also//.v/i — siilnion,  eels,  etc.,  and  shell-fish,  e.^.,  lobster,  cnib,  mussels, 
oysters,  shriin])s,  scollops,  cockles,  etc. 

Tahlk  of  Pkucentacje  Composition  of  Poultry  and  Fish. — (Letheby.) 

Water.      Albumen.        Fata.         Salts. 
Poultry 74  21  3.8  1.2 

(Singularly  devoid  of  fat,  and  is  therefore  generally  eaten  with  bacon 
or  pork.) 

Water.       Albumen.  Fats.  Salts. 

White  Fish      ....        78  18.1  2.9  1. 

Salmon        ....  77  16.1  5.5  1.4 

KcIh  (vory  rich  in  fat)    .         .         75  9.9  13.8  1.3 

Oystors        ....  75.74      11.72  2.42  2.73 

(7.30  consist  of  non-nitrogenous  matter  and  loss.)     (Payen.) 
Kven  now  the  list  of  fleshy  foods  is  not  complete,  as  the  flesh  of 
nearly  all  animals  has  been  occasionally  eaten,  and  we  may  presume 
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Ihat  except  for  difference  of  flavor,  etc.,  the  average   composition   is 
nesrly  the  same  in  every  case. 

&  JUilk.* — Is  intended  as  the  entire  food  of  young  animals,  and  as 
mich  contains,  when  pure,  all  the  elements  of  a  typical  diet.     (1)  Albu- 
minous substances  in  the  form  of  caseinogen,  and  serum  or  lact-albumin. 
;.    (2)  Fats  in  the  cream.     (3)  Carbo-hydrates  in  the  form  of  lactose  or  milk 
?    sagar.     (4)  Salts,  chiefly  calcium  phosphate;  and  (5)  Water.     From  it  we 
)    obtain  (a)  cheese^  which  is  the  clotted  caseinogen  or  casein  precipitated 
\    with  more  or  less  of  fat  according  as  the  cheese  is  made  of  skim  milk 
(skim  cheese),  of  fresh  milk  with  its  cream  (Cheddar  and  Cheshire),  or  of 
fresh  milk  plus  cream  (Stilton  and  double  Gloucester).     The  precipi- 
tated casein  is  allowed  to  ripen,  by  which    process    some  of  the  al- 
bamin  is  further  split  up,  with  formation  of  fat.     (?)  Cream,  consists  of 
the  fatty  globules  encased  in  caseinogen  and  serum-albumin,  and  which 
being  of  low  specific  gravity  float  to  the  surface,     (y)  Butter^  or  the 
&tty  matter  deprived  of  its  proteid  envelope  by  the  process  of  churning. 
(^)  Buttermilk,  or  the  fluid  obtained  from  cream  after  butter  has  been 
formed;  very  rich  therefore  in  nitrogen,     (s)  Whei/,  or  the  fluid  which 
remains  after  the  precipitation  of  casein;  it  contains  sugar,  salt,  and  a 
email  quantity  of  albumen. 

Table  of  CoMPOsmoN  of  Milk,  Butter-milk,  Cream,  and  Cheese.— (Letheby 

AND  Payen.) 

Nitrogenous  matters.  Fats.  Lactose.  Salts.  Water. 

Milk  (Cow)         ....  4.1  3.9  5.2  .8  86 

Buttermilk     ....  4.1  .7  6.4  .8  88 

Cream 2.7  26.7  2.8  1.8  66 

Cheese.— Skim      ...  44.8  6.3  —  4.9  44 

Cheese,— Cheddar    .  28.4         31.1  —  4.5  36 

Non -uitrofenous 
matter  and  loss. 

Cheese.— Neufchatel  {Fresh).  8.  40.71        36.58         .51      36.68 

r.  Eggs. — The  yolk  and  albumen  of  eggs  are  in  the  same  relation  as 
food  for  the  embryos  of  oviparous  animals  that  milk  is  to  the  young  of 
mammalia,  and  afford  another  example  of  the  natural  admixture  of 
the  various  alimentary  principles.  The  proteids  of  eggs  are  egg-albumin 
and  globulins,  of  which  the  vitellin  of  the  yolk  is  most  important; 
nuclein  in  combination  with  iron  is  also  found.  In  addition  to  the 
three  common  fats  there  is  a  yellow  fat,  lutein  (lipochome),  a  small 
quantity  of  grape  sugar;  lecithin,  and  cholesterin  and  inorganic  salts, 
chiefly  potassium  chloride  and  phosphates. 

Table  of  the  Percentage  CoMPOsmoN  of  Fowls'  Egos. 

Nitrogenous  substances.        Fats.         Salts.        Water. 

White 20.4  —  1.6  78 

Yolk  ....  16.  30.7         1.3  62 

*  The  details  of  the  composition  of  milk  will  be  discussed  in  the  Chapter  on 
Secretion. 
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d,  Leguminotis  fruits  are  used  by  yegetarians,  as  the  chief  source  of 
the  nitrogen  of  the  food.  Those  chiefly  nsed  are  /imu,  beans,  kntih, 
etc.,  they  contain  a  nitrogenous  sabstanoe  called  legumitiy  allied  U 
albumen.  They  contain  about  25.30  per  cent  of  this  nitrogenous  body, 
and  twice  as  much  nitrogen  as  wheat 

Org^anic  non-nitrog^enous  foods. 

/.  Carbo-hydrates.— a.  Breads  made  from  the  ground  grain  obtained 
from  various  so-called  cereals,  viz.,  wheat,  rye,  maize,  barley,  rice,  oau» 
etc.,  is  the  direct  form  in  which  the  carbo-hydrate  is  supplied  in  an 
ordinary  diet.  It  contains  starch,  dextrin,  and  a  little  sugar.  It  also, 
besides  these,  contains  gluten^  composed  of  several  vegetable  proteid^, 
and  a  small  amount  of  fat. 

Table  of  Percentaqb  CoMPOsmoN  of  Bread  and  Flour. 

NitroKenoiui 
mauera. 
Bread      ....  8.1 

Flour  ....  10.8 

Viirious  articles  of  course  besides  bread  are  made  from  flour,  <>.^., 
sago,  maciironi,  biscuits,  etc.  There  is  dextrine  and  a  small  amount  of 
dextrose  in  bread,  particularly  in  the  crust. 

h.  Vegetables,  especially  potatoes.  They  contain  starch  and  sngur. 
In  cabbage,  turnips,  etc.,  the  salts  of  potassium  are  abundant. 

c.  Fruits  contain  sugar,  and  organic  acids,  tartaric,  malic,  citric, 
and  others. 

d.  Sugar,  chiefly  saccharose,  used  pure  or  in  various  sweetmeats. 

//.  Oils  and  fats, — The  substances  supplying  the  oils  and  fats  of  the 
food  are  chiefly  butter ,  bacoii  and  lard  (pig's  fat),  suet  (beef  and  mutton 
fat),  and  vogotiihle  oils.  These  contain  olein,  stearin,  and  palmitin. 
Butter  contains  otliers  in  addition,  while  vegetable  oils,  as  a  rule,  eon- 
tain  no  stearin. 

Mineral  or  Inorg^anic  Foods. 

Tite  salts  of  the  food, — Nearly  all  the  foregoing  substances  in  the 
preceding  classes,  contain  a  greater  or  less  amount  of  the  salts  required 
in  food,  but  green  vegetables  and  fruit  supply  certain  salts,  chiefly 
potassium,  without  which  the  normal  health  of  the  body  cannot  be 
maintained. 

Sodium  chloride  is  an  essential  food;  it  is  contained  in  nearly  al] 
solids,  but  so  much  is  required  that  it  has  also  to  be  taken  as  a  condi- 
ment. Potassium  salts  are  supplied  in  muscle,  nerve,  in  meats  generally, 
and  in  potatoes.  ( -alcium  salts  are  supplied  in  eggs,  blood  of  meat,  wheat 
and  vegetables.     Iron  is  contained  in  haemoglobin,  in  milk,  eggs,  and 
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ftblei«      It  ia  derived  in  all  oaees,  so  it  is  gnpposcd,  by  orgaoic 
onnds,  into  which  it  is  built  up  during  pluiit  life,  or  during  the  life 
U  other  animak  (hicmatogeus). 


Liquid  Foods* 

Tiiier  ia  consumed  alone,  or  together  with  certain  other  suhRtancea 

ised  to  Ihivor  it,  ^*y.,  tea,  coffee,  etc.     Tea  iu  moderation  ia  a  stimulant, 

nd  oontaiiis  an  aromatic  oil  to  which  it  owes  its  peculiar  aroma^  tin 

tringent  of  the  nature  of  tannin,  nud  an  alkaloid,  UttHm.    The  composi- 

ton  of  coffee  ifi  very  nearly  similar  to  tiiat  of  tea.     t'ueoa,  iji  addition 

fiimiiar  aubatances  coiiUiined  in  tea  and  coffee,  contains  fat,  albuuiin- 

t&  matter  and  starch,  and  must  be  looked  upon  more  as  a  food, 

//^/T,  ill  various  forms,  is  an  iufosiou  of  uNfi/  (barley  which  has 
>rout<*d,  and  in  whicli  its  st^irch  is  converted  in  great  part  into  sugar), 
iilej  witli  hops  and  allowed  to  ferment.  Beer  eonttiius  from  1,2  to  S,S 
dt  cent  of  alcohol. 

Cuier  ati4l  Pen- if,  the  fermented  juice  of  the  ajvjde  and  pear, 
HVw,  the  fermented  jniee  of  tlie  grape,  contaius  from  G  or  7  (Rhine 
rines,  and  white  and  red  Bordeaux)  to  :;*4-^5   (ports  and  sherries)  |ier 
ent  of  alcohol 

Spirits,  obtained  from  the  distillation  of  fermented  litpiors.  They 
:)ntain  upward  of  40-70  per  cent  of  absolute  alcohol. 

The  effect  of  cooking.— In  general  terms  this  may  be  said  to  nuike 
Ihe  food  more  easily  digestible;  this  usually  implit-s  two  alterations, — 
is  made  more  agreeable  to  the  palate  and  also  more  pleasing  to  the 
eye.     Cooking  consists  in  exposing  the  food  to  various  degrees  of  heat, 
liber  to  tlie  direct  heat  of  the  fire,  as  in  roasting,  or  to  the  indirect 
.  of  the  fire,  as  in  broiling,  baking,  or  frying,  or  to  hot  water,  as  in 
[>iling  or  stewiug.     Thr  effect  of  heat  upon  (//)  ilesh  is  to  cougidate  the 
albumen  and  coloring  matter,  to  solidify  fibrin,  and  to  gelatinize  ten- 
dons and  fibrous  connective  tissue.     Previous  beating  or  bruising  (as 
with  steaks  and  chops)  or  keeping  (as  in  the  case  of  game),  renders  the 
meat  more  tender.     Prolouged  exposure  to  heat  :dso  develops  on  the  sur- 
face  certain  empyrcu matte  bodies,  which  are  agreeable  both  to  the  taste 
^and  smelL     By  placing  meat  in  hot  water,  the  external  coating  of  albu- 
BiDen  is  coagulated,  and  very  little,  if  any,  of  the  constituents  of  the 
Hmeat  are  lost  afterward  if  boiling  be  prolonged;  hut  if  the  constituents 
p  of  the  meat  are  to  be  extracted,  it  should  be  exposed  to  prolonged  sim- 
mering at  a  much  lower  tempeniture,  and  the  "*  hrolh  '*  will  then  contain 
the  gelatin  and   extractive  matters  of  the   meat,  as  well  as  a  certain 
amount  of  albumen.     The  addition  of  mlt  will  help  to  extract  mf/ofttn. 

The  effect  of  boiling  (/;)  an  egg  is  to  coagulate  the  albumen,  which 
helps  to  render  it  more  easily  digestible.     Upon  (e)  milk,  the  effect  of 
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heat  is  to  produce  a  scum  composed  of  albnmon  and  a  little  caselnogen 
(the  greater  part  of  the  caseinogen  being  nucoagulated)  with  some  fat 
Upon  {(l)  vegetables,  the  cooking  produces  the  necessary  effect  of  ren- 
dering them  softer,  so  that  they  can  be  more  readily  broken  np  in  the 
mouth;  it  also  causes  the  starch  grains  to  swell  up  and  burst,  and  go 
aids  the  digestive  fluids  in  penetrating  into  their  substance.  The  albu- 
minous matters  are  coagulated,  and  the  gummy,  saccharine  and  Ealine 
matters  are  removed.  The  conversion  of  flour  into  dough  is  effected  bj 
mixing  it  with  water,  and  adding  a  little  salt  and  a  certain  amount  of 
yeast.  Yeast  consists  of  the  cells  of  an  organized  ferment  (Torula 
cerei^iificp),  and  it  is  by  the  growth  of  this  plant,  changing  by  ferment 
action  the  sugar  produced  from  the  starch  of  the  flonr,  that  a  quantity 
of  carbonic  acid  gas  and  alcohol  is  formed.  By  means  of  the  fonner 
the  dougfi  rises.  Another  method  of  making  dough  consists  in  mixing 
the  flour  with  water  containing  a  large  quantity  of  carbonic  acid  gas  in 
solution. 

By  the  action  of  heat  during  baking  {d)  the  dough  continues  to  ex- 
pand, and  the  gluten  being  coagulated,  the  bread  sets  as  a  permaDenilr 
vesiculated  mass. 

Tlie  food  is  first  of  all  received  into  the  month,  and  is  subjected  to 
tlie  action  of  tlie  teeth  and  tojigue,  being  at  the  same  time  mix;ed  with 
the  first  of  tlie  digestive  juices — the  saliva.  It  is  then  swallowed,  and, 
passing  tlirough  ih^  pharynx  and  (esophagus  into  the  ^/(Wia^//,  is  sub- 
jected to  the  action  of  the  gastric  juice — the  second  digestive  juice. 
Thence  it  j)asse8  into  the  intestineSy  where  it  meets  with  the  bile,  the 
pancrmtic  jtdre,  and  the  intestinal  juices,  all  of  which  exercise  an  in- 
fluence upon  tlie  portion  of  the  food  not  already  absorbed  from  the 
stomach.  By  this  time  most  of  the  food  is  digested,  and  the  residue  of 
undigested  matter  leaves  the  body  in  the  form  of  fceces  by  the  external 
opening  of  the  bowel. 

The  Mouth  is  the  cavity  contained  between  the  jaws  and  inclosed 
by  the  cheeks  laterally,  the  lips  anteriorly;  behind,  it  opens  into  the 
pharynx  by  the  fauces,  and  is  separated  from  the  nasal  cavity  above, 
by  the  hard  palate  in  front,  and  the  soft  palate  behind,  which  forms  its 
roof.  The  tongue  forms  the  lower  part  or  floor.  In  the  jaws  are  con- 
tained the  teeth,  and  when  the  mouth  is  closed  these  form  its  anterior 
boundaries.  The  whole  of  the  cavity  of  the  mouth  is  lined  with  strati- 
fied epithelium,  of  which  the  superficial  layers  are  squamous.  This 
epithelium  is  continuous  at  the  lips  with  that  of  the  skin  anteriorly, 
and  posteriorly  with  that  of  the  pharynx.  The  mucous  membrane 
itself,  varying  in  thickness  in  various  parts,  and  consisting  of  a  fine 
areolar  counet^tive,  in  which  is  found  adenoid  tissue  in  considerable 
amount,  is  provided  with  numerous  small  kibnlar  glands  lined  with 
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nar  epithelium,  anil  resembling  in  s  true  hi  re  the  mucous  salivary 
s,  to  be  presentlv  described.  Into  the  buccjil  cavity  open  the 
ittcts  of  the  salivary  ghmds,  which  are  three  in  number  on  either  side. 
In  the  mouth,  then,  the  food  is  subjected  to  the  action  of  the  teeth, 
18  musticated,  and  is  mixed  with  miliva.  These  processes  of  niastica- 
ion  iiiiti  in  Siiiivution  must  he  considered  more  in  detail. 

Mastication. — The  act  of  ehewinof,  or  mastication,  is  performed  by 
L©  biting  and  grinding  movement  of  the  lower  range  of  teeth  against 
le  upper.  The  simultaneous  movements  of  the  tongue  and  cheeks 
ifit  partly  by  crushing  the  softer  portions  of  the  food  against  the 
rd  pa  bite  and  gums,  and  thus  supplementing  the  action  of  the  teeth, 
d  partly  by  returning  the  morsels  of  food  to  the  action  of  the  teeth, 
igain  an<l  again,  as  they  are  squeezed  out  from  between  tliem,  until  they 
ave  been  sufficiently  chewed. 

A/uscles. — The  simple  np  and  down,  or  ln(in<^  movements  of  the 
wer  jaw,  are  performed  by  the  fejnjmrah  mftssefer^  and  inienwl  pierji- 
md  muscles,  the  action  of  which  in  closing  the  jaws  alternates  with  that 
f  the  digastric  and  oilier  niueclos  passing  from  the  os  liyoides  to  the 
lower  jaw,  which  open  them.  The  grimUntj  or  side  to  side  movements 
f  the  lower  jaw  are  performed  mainly  by  the  externa!  ptertiipiii  nms- 
iles,  the  muscle  of  one  side  acting  alternately  with  the  other.  When 
th  external  pterygoids  act  together,  the  lower  jaw  is  pulled  directly 
'or ward,  so  that  the  lower  incisor  teeth  are  brought  in  front  of  the  level 
f  the  upper. 

Temporo-marillari/  Ftbro'Cariihf(/i\'—^ Tim  function  of  the  inter- 
arficulo-fibro-cartibige  of  the  temporo-maxillary  joint  in  mastication  is 
to  serve: — (1)  As  an  elastic  pad  to  distribute  the  iiressure  caused  by 
the  exceedingly  powerful  action  of  the  masticatory  muscles.  {2)  As  a 
joint  surface  or  socket  for  the  condyle  of  the  lower  jaw  when  the  latter 
has  been  ]):irtially  drawn  forward  out  of  the  glenoid  cavity  of  the  tern- 
ml  bone  by  the  external  pterygoid  tnusele,  scmic  of  the  fibres  of  the 
latter  being  attached  to  its  front  surface,  and  consequently  drawing  it 
forward  with  the  condyle  vvhicli  moves  on  it 

^i'ervoHM  ^k(itffn^sJn.—T\w  act  of  mastication  is  partly  voluntary  and 
partly  reflex  and  involuntary.  The  consideration  of  euch  nervous 
actions  will  come  hereafter.  It  will  suffice  here  to  state  that  the  affer- 
ent nerves  chiefly  cnncerncd  are  the  sensory  hnmches  of  the  fifth  and 
the  tenth  or  glosso-pharyngeab  and  the  efferent  are  the  motor  branches 
of  the  fifth  and  the  twelfth  (hypoglossal)  cerebral  nerves.  The  nerve- 
centre  through  which  the  reflex  action  o«xmrs,  and  by  which  the  move- 
ments of  the  various  muscles  are  harmonized,  is  situated  in  the  medulla 
oblongjita.  In  so  far  as  mastication  is  voluntary  or  nn^ntally  perceived, 
it  is  under  the  influence  of  the  cerebral  hemispheres. 

Insalivation. — The  act  of  mastication  is  much  assisted  by  the  saliva 
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irhicli  IB  wcreled  bf  the  mUvarr  gYandft  in  birgilv  increiis«;(]  amount 
iuring  the  prooen^  snd  the  tntimjite  incorparatioti  of  which  with  the 
food,  as  it  ii  being  ebaweil^  k  timn^d  inmliraii&fK 

The  Salivaf7  Glands. 

The  ^mnds  which  secrete  the  saliva  in  the  human  sul>ject  aivttir 
ftJiTanr  glaoda  proper^  \iz.«  the  purotid,  the  sub-inaxiUarif,  and  the  ' 
MuMinfuai^  and  uumeroag  aimiller  bodies  of  similar  straetare^  and  vidi 
aepftiuie  doeU,  vhich  are  scattered  thickly  beneath  the  mueons  mm- 
bnuie  of  the  lips*  cheeks^  soft  }ialate,  and  root  of  the  tongue. 

Biruciur^. — Ihe  salivary  glands  are  compound  tubular  or  tubuk- 
meenioee  glands.  They  are  made  up  of  lobules.  Each  lobule  t^mmu 
of  the  braiiehiug^  of  a  subdivUioii  of  the  main  duct  of  the  glaud,  which 
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is  generally  more  or  less  convoluted  toward  its  extremities,  and  6om^ 
times,  according  to  some  observers,  saecnhUed  or  pouched.  The  con- 
vlnted  or  [»oncljed  portions  form  the  alrf*oh\  or  proper  secreting  parts 
of  tlie  glund.  The  idveoli  arc  composed  of  a  basement  membrane  of 
flattened  f^ells  joined  together  by  processes  to  produce  a  fenestratd 
membrane,  the  spaces  of  which  are  occupied  by  a  homogenous  ground- 
substiince.  Within,  upon  tliis  membrane,  which  forms  the  tube,  the 
nucleated  salivary  secreting  cells,  of  cubical  or  columnar  form,  are  ar- 
ranged parallel  to  one  another  ericlosing  a  centnil  canal.  The  granular 
appearance  frequently  seen  in  the  salivary  cells  is  due  to  the  very  denai' 
network  of  fibrils  wliieli  they  contain.  When  isolated,  the  cells  not  in- 
frequently are  found  to  be  branched.  Connecting  the  alveoli  into  lobules 
is  a  considerable  amount  of  fibrous  connective  tissue,  which  contains 
both  flattened  and  granular  protoplasmic  cells,  lymph  corpuscles,  «nd 
in  some  cases  fat  cells.  The  lobules  are  connected  to  form  larger  lobules 
(lobes),  in  a  similar  manner  The  alveoli  pass  into  the  intralobukr 
ducts  by  a  narrowed  portion  (intercalary),  lined  with  flattened  ©pithe- 
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longiited  nuclei.     The  iiitercalary  (liu^ts  paj^s  into  the  intra- 
.1*  by  1%  narrowed  neck,  lined  with  cubical  cells  with  small 
e  intralobular  duct  is  larger  in  size,  and  is  lined  with  large 
luinnar  nucleated  cells,  the  parts  of  wijicb,  toward  the  luriicn  of  the 
he,  present  a  tine  longitudinal  striation,  due  to  the  arrangement  of 
cell  network.     It  is  most  marked  in  the  submaxillary  gland.     The 
obular  ducts  pass  into  the  larger  ducts,  and  these  into  the  main 
iCi  of  the  gland.     As  these  docts  liecome  larger  they  acquire  an  out- 
coatiiig  <»f  connective  tissue,  and  later  on  some  unstriped  muscular 
The  lining  of  the  larger  ducts  consists  of  one  or  more  la^x-rs  of 
ooltiinnar  epithelium*  the  cells  of  which  contain  an  intracellular  net- 
work of  fibres  arranged  longitudinally. 

Vftrte/iea. — Certain   dittcrences    in  tlic  strncture  of  salivary  glands 
\y  be  observed  according  as  the  glands  secrete  pure  saliva,  of  auiiva 
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lixed  with  mucus,  or  pure  mncus,  and  therefore  the  glands  have  been 
cbissified  as : — 

(I)  True  miivanj  i^htmh  (called  most  unfortunately  Ijy  some,  srrous 
glands),  e.fj.f  the  parotid  of  man  and  other  aninntls,  ami  the  submaxil- 
lary of  the  rabbit  and  guinea-pig  (fig.  22*v).  In  this  kind  the  alveolar 
lumen  is  small,  and  the  cells  lining  the  tubule  are  short  granular  colnm- 
Hiir  cells,  with  nuclei  presenting  the  intranuclear  network.  During  rest 
the  cells  become  larger,  highly  granular,  with  obscured  nncleij  and  the 
lumen  becomes  smaller*  During  activity,  and  after  stimulation  of  the 
sympathetic,  the  cells  become  smaller  suid  their  contents  more  opaque; 
the  granules  first  of  all  disappearing  from  the  outer  part  of  the  cells, 
and  then  being  found  only  at  the  extreme  inner  part  and  contignous 
border  of  the  cell.     The  nuclei  reappear,  as  does  also  the  lumen. 

(**i)  In  the  true  nntniM-sfNrefifjt/  fjfands.ns  the  sublinguid  of  man  and 
other  animals,  and  in  the  submaxillary  of  the  dug,  the  tubes  are  hirger, 
contain  a  larger  lumen,  and  also  have  larger  cells  lining  them.  The 
cells  are  of  two  kinds,  (a)  mnrons  orceiifral  cells,  which  are  tninsparent 
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columnurrells  with  irregular  op  flattened  nuclei  near  the  base  aunt  menr 
brane.     The  cell  substance  is  made  up  of  a  fine  network,  which  iu  \i^ 
resting  state  contains  a  transparent  substance  called  muci^ent  donst 
prhieh  the  cell  does  not  stain  well  with  logwood  (6g.  223).     When  tit- 
fland  is  secreting^afi  well  as  on  stimulation  of  the  nerve,  muriijtnhmr 
verted  into  mucin^  and  the  cells  swell  np,  appe^tr  more  tmnspareat,  and 
stain  deeply  in  logwood  (fig.  224).     After  stimulation,  the  cells  beoonit 
smaller  more  granular,  and  more  easily  stained*  from  having  diichai;pi 
their  contents.     The  nuclei  appear  more  distinct,     (A)   Cresc4^nttt  of  Gk- 
fn/2afi\  sometimei  called  the  Senulune^  of  Heidenhnin  (fig.  223),  whicb 
are  creecentic  maeaea  of  granular  parietid  cells  found  here  and  there  be^ 
tween  the  basement  meuilirane  and   the  ccntml  cells.     The  cells  crim- 
poeiug  the  mass  are  small,  and  have  a  very  dense  reticulum,  the  uucki 
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Fig.  283, 


Fig.  2^4, 


Ff^.  d-J^.— Fnini  a  fipctlnn  Uiroii^i  a  mucxMis  gl&iDd  In  Or  quteseent  BtAte.  Tho  ii]i?<?o]l  srv  liord 
with  IraiiHparent  mucoufi  CfUs,ant1  outod*?  tht'se  are  the  seaiilune^:.  The  cell«  idiould  lump  hevc 
rt^fH^'Heiittiii  as  Miore  or  le^  ^luiiiJarK    Oleidf  niiain,} 

Fjf?,  '224.— A  part  of  a  seetioD  Ihrough  a.  riiueoiin  gland  after  proloofced  eleclHci^  ifliiiiililtrti 
The  ahijoli  are  lined  with  sm&ll  ^r&nuJjir  cells.    (.IjavdovaH;) 

arc  eidjcrical,  and  increase  in  size  during  secretion.  In  the  mucous 
gland  there  are  some  hirge  tubes,  lined  with  large  tmngparent  central 
cells,  ami  having  besides  a  few  granular  parietal  celk;  othersmall  iii\m 
are  lined  with  small  giTiBular  parietal  cells  alone;  and  a  third  variety 
are  lined  equally  with  each  kind  of  celL 

(3)  In  tlic  mueo-mlivarf/  or  miwfi  glnnds.n^  the  human  submaxillary 
gland,  part  of  the  gland  presents  the  structure  of  the  mucous  gland, 
while  the  remainder  has  that  of  tlie  salivary  glands  proper* 

A^ervefi  and  fflmfl-vesMs, — Nerves  of  large  size  are  found  in  the  sali- 
vary glands;  they  are  principally  contained  in  the  connective  tissue  of 
the  alveoli,  and  in  certain  glands,  e-specially  in  the  dog^  are  provided 
with  ganglia.  Some  nerves  have  special  endings  in  Pacinian  corpuscles, 
some  supply  the  blood-vessels,  and  others,  according  to  Pfliiger,  peae- 
trate  the  basement  membnine  of  the  alveoli  and  enter  the  salivary  oelk 

The  blood-vessels  form  a  dense  capillary  network  around  the  ducts 
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tbe  alveoli,  being  carried  in  by  the  fibrous  trabcculse  between  tlie 
M>li,  in  which  also  begin  the  lymphatics  by  lacunar  spaces. 
The  so-called  mucous  glands  of  the  mouth  and  tongue  present  in 
le  cases  the  structures  of  mucous,  in  others  of  serous  glands. 

Saliva. 

Saliva,  as  it  commonly  flows  from  the  mouth,  is  the  mixed  secretion 
the  salivary  glands  proper  and  of  the  glands  of  the  buccal  mucous 
nbrane  and  tongue;  it  is  often  mixed  with  air,  which,  being  retained 
its  viscidity,  makes  it  frothy.  When  obtained  from  the  parotid 
tSy  and  free  from  mucus,  saliva  is  a  transparent  watery  fluid,  the 
sific  gravity  of  which  varies  from  1004  to  1008,  and  in  which,  when 
mined  with  the  microscope,  are  found  floating  a  number  of  minute 
tides,  derived  from  the  secreting  ducts  and  vesicles  of  the  glands. 
the  impure  or  mixed  saliva  are  found,  besides  these  particles,  numer- 

epithelial  scales  separated  from  the  surface  of  the  mucous  mem- 
M  of  the  mouth  and  tongue,  and  the  so-called  salivary  corpuscles, 
lluvged  probably  from  the  mucous  glands  of  the  mouth  and  the 
Hm,  which,  when  the  saliva  is  collected  in  a  deep  vessel,  and  left  at 
^  inbeide  in  the  form  of  a  white  opaque  matter,  leaving  the  super- 
int  Balivary  fluid  transparent  and  colorless,  or  with  a  pale  bluish- 
f  tint.  It  also  contains  various  kinds  of  micro-organisms  (bacteria). 
nMU^ton,  the  saliva,  when  first  secreted,  appears  to  be  always  alka- 
Dnring  fasting,  the  saliva,  although  secreted  alkaline,  shortly 
>me8  neutral;  especially  when  it  is  secreted  slowly  and  is  allowed  to 

with  the  acid  mucus  of  the  mouth,  by  which  its  alkaline  reaction  is 
tralized. 

Chemical  CtoMPOsmoN  of  Mixed  Saliva  (Frerichs)  . 

Water 994.10 

Solids  :— 

Ptyalin 1.41  ; 

Fat 0.07 

Epithelium  and  Proteids  (including  Serum- 
Albumin,  Globulin,  Mucin,  etc.)  .  2.13 

Salts:— 

Potassium  Sulpho-Cyanate 

Sodium  Phospnate    ..... 

Calcium  Phosphate 

Magnesium  Phosphate      .... 

Sodium  Chloride  .... 

Potassium  Chloride 


2.29 


5.9 

1000 

The  mucin  is  the  largest  representative  of  the  organic  nitrogenous 
18  of  bodies  in  the  saliva;  it  may  be  thrown  down  by  addition  of 
tie  acid,  if  sodium  chloride  be  absent.    It  gives  the  three  chief  pro- 
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teid  reactions,  and  may  easily  be  split  up  by  tfae  action  of  a  dilute  min. 
eral  acid  into  a  proteid,  and  a  substance  which  will  reduce  copper  sal. 
phate  solutions,  but  which  is  not  exactly  a  sugar. 

The  presence  of  potassium  sulphocyanate  (or  thiocyanaie)  (CNKS) 
in  saliva,  may  be  shown  by  the  blood-red  coloration  which  the  flnid 
gives  with  a  solution  of  ferric  chloride  (FejCle),  and  which  is  bleachd 
on  the  addition  of  a  solution  of  mercuric  chloride  (HgCU),  bat  not  by 
hydrochloric  acid. 

Rate  of  Secretion  and  Quantity. — The  rate  at  which  ssiliva  is  secreted 
is  subject  to  considerable  variation.  When  the  tongue  and  mnsol^ 
concerned  in  mastication  are  at  rest,  and  the  nerves  of  the  month  art 
subject  to  no  unusual  stimulus,  the  quantity  secreted  is  not  more  than 
suflicient,  with  the  mucus,  to  keep  the  mouth  moist.  During  actnil 
secretion  the  flow  is  much  accelerated. 

Tlie  quantity  secreted  in  twenty-four  hours  varies:  its  areragc 
amount  is  probably  from  1  to  3  pints  (^  to  1^  litres). 

I  \scff  of  Saliva. — The  purposes  served  by  saliva  are  (a)  mechanical 
and  {b)  chemical. 

a.  Mechajiical, — (1)  It  keeps  the  mouth  in  a  due  condition  of  moist- 
ure, fjicilitating  the  movements  of  the  tongue  in  speaking,  and  the 
mastication  of  food.  (2)  It  serves  also  in  dissolving  sapid  substances, 
and  rendering  tliem  capable  of  exciting  the  nerves  of  taste:  But  the 
principal  mecluuiical  purpose  of  the  saliva  is,  (3)  that  by  mixing  with 
the  food  during  mastication,  it  makes  it  a  soft  pulpy  mass,  such  as  may 
be  easily  swallowed.  To  this  purpose  the  saliva  is  adapted  both  by 
quantity  and  quality.  For,  speaking  generally,  the  quantity  secreted 
during  feeding  is  in  direct  proportion  to  the  dryness  and  hardness  of 
the  food.  The  quality  of  saliva  is  equally  adapted  to  this  end.  It  is 
easy  to  sec  how  much  more  readily  it  mixes  with  njost  kinds  of  food  than 
water  alone  does;  and  the  saliva  from  the  parotid,  labial,  and  other 
small  ^rlands,  b(;ing  more  aciueous  than  the  rest,  is  that  which  is  cliicflv 
tfnn'f/rfl  iiui]  mixed  with  the  food  in  mastication;  while  the  more  viscid 
niu(H)us  socn'tion  of  tlie  submaxillary,  palatine,  and  tonsilHtic  glands 
is  spread  over  the  surface  of  the  softened  mass,  to  enable  it  to  slide 
more  easily  tlirou^^h  the  fauces  and  oesophagus. 

(tf)  (livwiraL — The  chemical  action  which  the  saliva  exerts  upon  the 
food  in  the  mouth  is  to  convert  the  starchy  materials  which  it  contains 
into  sugar.  This  power  the  saliva  owes  to  one  of  its  constituents  7>///<i- 
Utiy  which  is  a  nitrogenous  body  of  uncertain  composition.  It  is  classed 
among  the  unorganized  ferments,  which  are  substances  capable  of  pro- 
ducing changes  in  the  composition  of  other  bodies  with  which  they  come 
into  contact,  without  themselves  undergoing  change  or  Fuffering  dimin- 
ution. The  conversion  of  the  starch  under  the  influence  of  the  ferment 
into  sugar  takes  place  in  several  stages,  and  in  order  to  understand  it, 
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knowledge  of  the  structure  and  composition  of  starch  granules  is  nee- 
Mary.  A  starch  granule  consists  of  two  parts:  an  envelope  of  cellulose, 
rhich  does  not  give  a  blue  color  with  iodine  except  on  addition  of  sul- 
ihuric  acid,  and  of  granulose,  which  is  contained  within,  and  which 
pTes  a  blue  with  iodine  alone.  Briacke  states  that  a  third  body  is  con- 
iained  in  the  granule,  which  gives  a  red  with  iodine,  viz.,  erythro- 
franulose.  On  boiling,  the  granulose  swells  up,  bursts  the  envelope, 
lad  the  whole  granule  is  more  or  less  completely  converted  into  a  paste 
DT  grael,  which  is  called  gelatinous  starch. 

When  ptyalin  or  other  amylolytic  ferment  is  added  to  boiled  starch, 
■agar  almost  at  once  makes  its  appearance  in  small  quantities,  but  in 
addition  there  is  another  body,  intermediate  between  starch  and  sugar, 
called  erythro'dextriiiy  which  gives  a  reddish-brown  coloration  with 
iodine.  As  the  sug<ir  increases  in  amount,  the  erythro-dextrin  disap- 
pears, but  its  place  is  taken  in  part  by  another  dextrin,  achroo-dexlrin, 
which  gives  no  color  with  iodine,  but  may  be  thrown  down  with  alcohol. 
However  long  the  reaction  goes  on,  it  is  unlikely  that  all  the  dextrin 
becomes  sugar. 

Next  with  regard  to  the  kind  of  sugar  formed,  it  is  not  glucose  but 
mdUose^  the  formula  for  which  is  C12H22O11.  Maltose  is  allied  to  sac- 
diarose  or  cane-sugar  more  nearly  than  to  glucose;  it  is  crystalline;  its 
aolation  has  the  property  of  polarizing  light  to  the  right  to  a  greater 
degree  than  solutions  of  glucose  (3  to  1);  it  is  not  so  sweet,  and  reduces 
copper  sulphate  less  easily.  It  can  be  converted  into  glucose  by  boiling 
with  dilute  acids. 

According  to  Brown  and  Heron  the  reactions  may  bo  represented  thus : — 
Ome  molecule  of  gelatinous  starch  is  couvertod  by  the  action  of  an  amylolytic 

ferment  into  n  molecules  of  soluble  starch. 
One  molecule  of  soluble  starch  =  10  (daHaoOio)  +  8  (HaO),  which  is  further  con- 
verted by  the  ferment  into 

1.  Erythro-dextrin  (giving  red  with  iodine)  +  Maltose. 

9  (CiaHaoOio)  (C.,H„On) 

then  into  2.  Erythro-dextrin  (giving  yellow  with  iodine)    +    Malt^jse. 
8  (CHaoO.o)  3  (C„H„0,.) 

next  into  3.  Achroo-dextrin  -|-        Maltose. 

7  (C„H,oOio)  J3  (C„H„0,,) 

And  so  on  ;  the  resultant  being : — 

10  (C„H,oOi.)  +  8  (H,0)  =  8  (Ci,HaaO„)  +  2  (C.,H,«0.„) 
Soluble  starch        Water  Maltose  Achroo-dextrin. 

Test  for  Sugar. — In  such  an  experiment  the  presence  of  sugar  is  at 
once  discovered  by  the  application  of  Trommer's  test,  which  consists  in 
the  addition  of  a  drop  or  two  of  a  solution  of  copper  sulphate,  followed 
by  a  larger  quantity  of  canstic  potash.  When  the  liquid  is  boiled,  an 
orange-red  precipitate  of  copper  suboxide  indicates  the  presence  of 
sugar. 

The  action  of  saliva  on  starch  \s  facilitated  bg :  {a)  Moderate  heat, 
about  37.8^  C.  (100**  F.).     (b)  A  slightly  alkaline  medium,     (c)  Removal 
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of  the  changed  material  from  time  to  time.  Its  action  is  retardtdhy. 
(a)  Cold;  a  temperature  of  0°  C.  (32°  F.)  stops  it  for  a  time,  buidoei 
not  destroy  it,  whereas  a  high  temperature  above  TGO^'G.  (140''  F.)  de- 
stroys it.  {b)  Acids  or  strong  alkalies  either  delay  or  stop  the  action 
altogether,  (r)  Presence  of  too  much  of  the  changed  material.  Ptyalin, 
in  that  it  converts  starch  into  sugar,  is  an  amylolyiic  or  diastasic  ferment 

Starch  appears  to  be  the  only  principle  of  food  upon  which  salin 
acts  chemically:  the  secretion  has  no  apparent  influence  on  any  of  the 
other  ternary  principles,  such  as  sugar,  gum,  cellulose,  or  on  fat,  and 
seems  to  be  equally  destitute  of  power  over  albuminous  and  gelatinoBi 
substances. 

Saliva  from  the  parotid  is  less  viscid;  less  alkaline,  the  first  few 
drops  discharged  in  secretion  being  even  acid  in  reaction;  clearer, al- 
though it  may  become  cloudy  on  standing  from  the  precipitation  ol 
calcium  carbonate  from  escape  of  carbon  dioxide;  and  more  watery  than 
that  from  the  submaxillary.  It  has  moreover  a  less  powerful  action  on 
starch.  Sublingual  saliva  is  the  most  viscid,  and  contains  more  Bolidi 
than  either  of  the  other  two,  but  has  little  diastasic  action. 

The  Siilivary  glands  of  children  do  not  become  functionally  actire 
till  the  age  of  4  to  6  months,  and  hence  the  bad  effect  of  feeding  them 
before  this  age  on  starchy  food,  corn-flour,  etc.,  which  they  are  unable 
to  render  soluble  and  capable  of  absorption.  The  salivas  of  the  dog, 
cat,  bear,  and  pig  are  almost  inactive,  whereas  that  of  monkeys,  rabbits, 
niiccs  s(|uirrels,  and  guinea-pigs,  are  strongly  diastasic. 

The  Nervous  Mechanism  of  the  Secretion  of  Saliva. 

The  secretion  of  saliva  is  under  the  control  of  the  nervous  system. 
It  is  a  reflex  action.  Under  ordinary  conditions  it  is  excited  by  the 
stiniuLition  of  the  peripheral  branches  of  two  nerves,  viz.,  the  gustatory 
or  linijiKtl  brunch  of  the  inferior  maxillary  division  of  the  fifth  nerve, 
and  tlie  (jhtsso-pharipujcul  part  of  the  eighth  pair  of  nerves,  which  are 
distributed  to  the  mucous  membrane  of  the  tongue  and  pharynx  con- 
jointly. The  stimulation  occurs  on  the  introduction  of  sapid  subsfcanccB 
into  the  mouth,  and  the  secretion  is  brought  about  in  the  foUwing  way. 
From  the  terminations  of  the  above-mentioned  sensory  nerves  distrib- 
uted in  the  mucous  membrane  an  impression  is  conveyed  upward 
(afferent)  to  the  special  nerve  centre  situated  in  the  medulla-oblongata 
which  controls  the  process,  and  by  it  is  reflected  to  certain  nerves  sup- 
plied to  the  salivary  glands,  which  will  be  presently  indicated.  In  other 
words,  the  centre,  stimulated  to  action  by  the  sensory  impressions  car- 
ried to  it,  sends  out  impulses  along  efferent  or  secretory  nerves  supplied 
to  the  salivary  glands,  which  cause  the  saliva  to  be  secreted  by  and  dis- 
charged from  the  gland  cells.     Other  stimuli,  however,  besides  that  of 
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be  food,  and  other  sensory  nerves  besides  those  mentioned,  may  pro- 
Itiee  reflexly  the  same  effects.     For  example,  saliva  miiy  be  caused  to 
by  irritation  of  the  mucous  membrane  of  the  mouth  with  mechsini- 
1,  chemical,  electrical,  or  thermal  stimuli,  also  by  the  irritation  of  the 
lacoas  membrane  of  the  stomach  in  some  way,  as  in  nausea,  which 
lea  vomiting,  when  some  of  the  peripheral  fibres  of  the  ra^t  are 
fitftted.     Stimulation  of  the  olfarforf/  nerves  by  smell  of  food,  of  the 
fiir  nerves  by  the  sight  of  it,  and  of  the  auditor]/  nerves  by  the  sounds 
bich  are  known  by  experience  to  accompany  the  preparation  of  a  meal, 
ly  also,  in  the  hungry,  stimulate  the  nerve  centre  to  action.     In  addi- 
9H  to  these,  as  a  secretion  of  saliva  follows  the  movement  of  the  mus- 
of  mastication,  it  may  be  assumed  that  this  movement  stiraulatea  the 
Breting  nerve  fibres  of  the  gland,  direct  or  reflexly.     From  the  fact 
it  the  flow  of  saliva  may  be  increased  or  diminished  by  mentiil  emo- 
»nSy  it  is  evident  that  impressions  from  the  cerebrnra  also  are  capable 
fitimulating  the  centre  to  action  or  of  inhibiting  its  action* 
Salivary  secretion  may  also  be  excited  by  direct  stimulation  of  the 
entre  in  the  medulla. 

On  the  SttbmajiUari}  GUin(L—T\w  sobmaxillary  gland  has  been  the 
ad  chiefly  employed  for  the  purpurfe  of  experimentally  demonstrating 
the  influence  of  the  nervous  system  upon  tfie  secretion  of  saliva,  becuiuse 
of  the  comparative  facility  with  which,  with  its  blood-vessels  and  nerves, 
it  may  be  exposed  to  view  in  t!ie  dog,  rabbit,  and  other  animals.  The 
chief  nerves  supplied  to  the  gland  are  (1)  the  thorda  tf^mpani,  a  branch 
given  off  from  the  fact  fd  {or  port io  dura  of  the  seventh  pair  of  nerves), 
in  the  canal  through  which  it  passes  in  the  temporal  bone,  in  its  passiige 
from  the  interior  of  the  akull  to  the  face;  and  (2)  branches  of  tlie  sf/m- 
pathetic  nerve  from  the  plexus  around  the  fiicial  artery  and  its  branches 
to  the  gland.  The  chorda  (fig.  225,  M.  /.)♦  after  quittijig  the  temporal 
bone,  passes  <lownward  and  forward,  under  cover  of  the  externa!  ptery- 
goid muscle,  and  joins  at  an  acute  augle  the  lingual  or  gustatory  nerve, 
proceeds  with  it  for  a  short  distance,  and  then  passes  along  the  submax- 
illary gland  duct  (fig.  225,  mi,  dX  to  which  it  is  distributed,  giving 
branches  to  the  submaxillary  ganglion  {fig.  225, ^^^w.  ///.),and  sending  others 
to  terminate  in  the  superficial  muscles  of  the  tongue.  It  consists  of  fine 
medulla  ted  fibres  which  lose  their  nieduMa  in  the  gland.  If  this  nerve 
be  exposed  and  divided  anywhere  in  its  course  from  its  exit  from  the  skull 
to  the  gland,  the  secretion,  if  the  gland  be  in  action,  is  arrested,  and  no 
stimuhition  either  of  the  lingual  or  of  the  glosso-pharyngeal  will  produce  a 
flow  of  saliva.  But  if  the  peripheral  end  of  tlie  divided  nerve  be  stimu- 
lated,'an  abundant  secretion  of  saliva  ensues,  and  the  blood  supply  is 
enormously  increased,  the  nrteries  being  dilated.  The  veins  even  pul- 
sate, and  the  blood  contained  within  them  is  more  arterial  than  venous 
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\^lien,  on  the  other  hand,  the  stimnloa  is  applied  to  the  ^pnpnfhffit 
filaments  (mere  divifion  producing  no  apparent  effect),  the  anerie*  con. 
tract,  and  the  blood  stream  is  in  consequence  much  diminished;  aad 
from  the  reins,  when  opened,  there  escapes  only  a  sluggish  stresim  of 
dark  blood.  The  salira,  instead  of  being  abundant  and  watery,  becomei 
scanty  and  tenacious.  If  both  chorda  tympani  and  sympathetic  branclief 
be  diyided,  the  gland,  released  from  nervous  control,  may  secrete  co^ 
tinuoosly  and  abundantly  (  paral^tk  secretion). 

The  abundant  secretion  of  saliya,  which  follows  stimiilntinTi  of  i\\% 
chorda  tympani,  is  not  merely  the  result  of  a  filtration  of  fluid  froii 


KMf.  235,— DiltfrmfiiniaTir  rei-nst  istnti  n  of  the  ini1>-mA^il1ai7  ^landof  ibf  doe  with  its  Ofrr^tsttti 
Uood-TCMols.  (Ttifs  is  n*  t  mt.  Tnif  1  t  i  iii-rr.it»«  the  exact  analnmiVal  rvlatk-rjju^f  \\w  sev^-nl  sinie 
tapes,)  mn,gld.,thB  imb  uiLxillary  jjlana  inri.  the  duct  (mi.  d.  >  of  which  a  c«iitihi  h*Ls  tjeeu  t>>d. 
The  mibltiM^al  irUnc]  ajui  .iiict  ar*.  umI  siiuwn.  it,  i,»  n,  /'..  the  htifriial  or  ^u-^ijn-.rr  uertt  ;  i-k  t.  ' 
ch.  v.,  therhorda  tymr*aui  pn loeed fug  from  tlie  factel  nene,  Jjeeominir  cod j*  hied  %Tith  the  hhtuuS 
at  Hr  l\^  anil  afi«^rwartt  liirfr^oi^ana  pasBtni?  to  Uief^taod  aloiijf  ih<.*duct;  Jtni.  gl.^  KUb-tn&xllurv 
^aaeliuii  with  il«  iv)ot«;  n,  l„  the  lingual  nenne  proce*?ditiji*  to  the  toxi^nie  ;  ft.  ca>\,  thecanjtui  artm, 
two  uraDchea  of  which,  n,  itm,  a.  and  r,  *m,  ji.*  pas*  t<r»  th»^ anterior  and  iM>«iiterior  parts  of  the  i^liivl ; 
r.  *tn  ,  th«  anterior  and  iKintetior  vehis  froui  the  i^tand  cDdhi^  in  v.J..  ilie  iujmijJar  vein  ',  i\  #vift  ,  tlw 
f'"'  "'''  *  ti^Ti*  and Kjrmjwitbetic  tninks;  ghcfr.it„  the  Knpt^rior-ccrvical  piin^lUtn,  two  bnuieb** 
iiiiujf  a  plexuK.  fi./..  over  thefa4?ial  artery  are  distribnt^nl  in.  Kym,  ttm  »  alone  the  twr 
J.'  ti^rii-B  to  tht^  anterior  ami  powterior  portion  of  the  g^laoil.    Tb**  ftrn^vis  indicate  Xht 

U..  <  V .  ,■ ...  ..xW'^n  hy  the  nervoiia  impulses ;  durlnfc  reflex  slimulations  of  the  glaiid  Uie v  otoeMid  totbe 
brain  by  the  Unirual  and  descend  by  the  chorda  tympmii.    Ci\,  Foster  ) 

the  blood-vessels,  in  consequence  of  the  largely  increased  circulation 
tb rough  them.  This  is?  proved  by  the  fact  that,  when  the  main  duct  U 
obstructed^  tlie  pressure  within  nmy  considerably  exceed  the  blood-pree- 
sure  in  the  arteries,  and  also  that  when  into  the  veins  of  the  animal  J 
experimented  upon  some  nfropin  has  been  previously  injected,  stinniLv  * 
tion  of  the  peripheral  end  of  the  divided  chorda  produces  all  the  vascu- 
liir  effects  as  before,  without  any  sefTetion  of  saliva  accompanying  them* 
Again,  if  an  animars  liead  be  cut  off.  and  the  chorda  be  rapidly  exposed 
*"*^  "Emulated  with  an  interrupted  current^  a  secretion  of  saliva  ensues  for 
time,  although  the  blood  supply  is  necessarily  absent.     These 
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Imente  serve  to  prove  that  the  chordu  eoiitains  two  sets  of  nerve 
i»  one  set  (vaso-iiiiaior)  which,  when  stimukted,  act  upon  a  local 
¥mfio-motor  centre  for  regulating  the  blood  supply,  inhibiting  its  action, 
aodonuing  the  vessels  to  dilate,  and  so  producing  sin  increased  supply  of 
blood  to  the  gland;  while  another  set,  which  are  paralyzed  by  injection 
af  mtrupin,  directly  stimulate  the  cells  themselves  to  activity,  whereby 
Ibejr  iwcret©  and  discharge  the  constituents  of  the  saliva  which  thoy 
.ffodttce.  These  latter  tibres  very  possibly  terminate  in  the  salivary  ceils 
iemselves*  If,  on  the  other  hand,  the  sympathetic  fibres  be  divided, 
;imaktion  of  the  tongue  by  sapid  substances,  or  of  the  trunk  of  the 
J,  or  of  the  glosso-pharyngeal,  continues  to  produce  a  fiow  of  saliva* 
ram  these  experiments  it  is  evident  that  the  chorda  tympani  nerve  is 
to  principHl  nerve  through  which  efferent  impulses  proceed  from  the 
lire  to  excite  the  secretion  of  this  gland* 

The  sympathetic  fibres  appear  to  act  principally  as  a  vaso-constrictor 
*%o,  mnd  to  exalt  the  action  of  the  local  vaso-motor  centres.  The 
mpathetic  is  more  powerful  in  this  direction  than  the  chorda.  There 
b  sot  satllcient  evidence  in  favor  of  the  belief  that  the  submaxillary 
ganglion  is  ever  the  nerve  centre  which  controls  the  secretion  of  the 
SQboiaxillary  gland. 

On  the  Parotid  GlantL^-^The  nerves  which  influence  secretion  in  the 

parotid  gland  are  branches  of  the  fticial  (lesser  superficial  petrosiil)  and 

of  the  sympathetic.     The  former  nerve,  after  passing  through  the  optic 

g»nglion,  joins  the  aiiriculo-temporal  branch  of  the  fifth  cerebral  nerve, 

lad,  with  it,  is  distributed  to  tiie  gland.     The  nerves  by  which  the 

iliiniiliis  ordinarily  exciting  secretion  is  conveyed  to  the  medulla  ob* 

Wngaia,  are,  as  in  the  case  of  the  submaxillary  gland,  the  fifth,  and  the 

giofSO-pharyDgeaL     The  pneumogastric  nerves  convey  a  further  stimu- 

Itu  to  the  secretion  of  saliva,  when  food  has  entered  the  stomach;  the 

fierce  centre  is  the  same  as  in  the  c^se  of  the  submaxillary  gland. 

Chan^fs  in  (he  Gland  Cells, — The  method  by  which  the  salivary  cells 

l^'^flce  the  secretion  of  saliva  appears  to  be  divided  into  two  stages, 

*hieb  differ  somewhat  according  to  the  class  to  which  the  gland  belongs, 

^^-»  whether  to  (1)  the  true  salivary,  or  ('2)  to  the  mocoustype.     In  the 

'^••riifr  case,  it  has  been  noticed,  as  has  been  already  described,  that 

**^Mng  the  rest  which  follows  an  active  secretion  the  lumen  of  the  ulveo- 

*""*  becomes  smaller,  the  gland  cells  larger  and  very  granular.     During 

**^*>»tion  the  alveoli  and  their  cells  become  smaller,  and  the  granular 

*Pj^a ranee  in  the  latter  to  a  considerable  extent  disappears,  and  at  the 

*^^  of  secretion  the  granules  are  confined  to  the  inner  part  of  the  cell 

**^^f  eiit  to  the  lumen^  which  is  now  quite  distinct  (fig.  22r>). 

It  is  supposed  from  these  apjieaninces  that  the  first  stage  in  the  act 
^^••cretion  consists  in  the  protoplasm  of  the  salivary  cell  taking  up 


fro 


*»  the  lymph  certain  materials  from  which  it  manufactures  the  ele- 
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ments  of  its  own  secretion,  and  which  are  stored  up  in  the  forDi  of 
granules  in  the  cell  during  rest,  the  second  stage  consisting  of  tlie  uctual 
discharge  of  these  granules,  with  or  without  previous  change.  The 
granules  are  taken  to  represent  the  chief  substance  of  the  salivary  secre- 
tion, i.e.,  the  ferment  ptyalin.  In  the  case  of  the  submaxillary  gland  of 
the  dog,  at  any  rate,  the  sympathetic  nerve-fibres  appear  to  have  to  do 
with  the  first  stage  of  the  process,  and  when  stimulated  the  protoplagm  u 
extremely  active  in  manufacturing  the  granules,  whereas  the  chorda 
tympani  is  concerned  in  the  production  of  the  second  act,  the  aetnal  dis- 
charge of  the  materials  of  secretion,  together  with  a  considerable  amonnt 
of  fluid,  the  latter  being  an  actual  secretion  by  the  protoplasm,  as  it 
ceases  to  occur  when  atropin  has  been  subcutaneonsly  injected. 

In  the  mucus-secreting  gland,  the  changes  in  the  cells  during  secre- 
tion have  been  already  spoken  of.     They  consist  in  the  gradual  secre- 


^^ 


Fig.  326.— Alveoli  of  true  salivary  ^land.    A.  at  rent;  B,  in  the  first  ataice  of  secretion  ;  C,  after  pro- 
longed secretion.    (Langley.) 

tion  by  the  protoplasm  of  the  cell  of  a  substance  called  muciffen,  which 
is  converted  into  mucin,  and  discharged  on  secretion  into  the  Ciinul  of 
the  alveoli.  The  iiiucigen  is,  for  the  most  part,  collected  into  the  inner 
part  of  the  cells  during  rest,  jiressing  the  nucleus  and  the  small  portion 
of  the  protoplasm  which  remains,  against  the  limiting  membrjine  of  the 
alveoli. 

The  process  of  secretion  in  the  sjilivary  glands  is  identical  with  that 
of  glands  in  general;  the  cells  which  line  the  ultimate  bninches  of  the 
ducts  being  the  agents  by  which  the  special  constituents  of  the  sahva 
are  formed.  The  materials  which  they  have  incorporated  with  them- 
selves are  alniosi  at  once  given  up  again,  in  the  form  of  a  fluid  (secre- 
tion), which  escapes  from  the  ducts  of  the  gland;  and  the  cells,  them- 
selves, underiro  disintegration — again  to  be  renewed,  in  the  intervals  of 
the  active  exercise  of  the  functions.  The  source  whence  the  cells  obtain 
the  materials  of  their  secretion  is  the  blood,  or,  to  speak  more  acen- 
rately,  the  plasma,  which  is  filtered  off  from  the  circulating  blood  into 
the  interstices  of  the  glands  as  of  all  living  textures. 


which  are  attaclietl  to  tht?  mucous  mcmbnine  chiefly,  its  smaller  and 
^more  delicate  movements  are  chiefly  performed, 

By  other  muscles  {extrinsic  muBcles),  as  the  genio-hyoglossus,  the 
tyloglossus,  etc.,  the  tongue  is  fixed  to  surroiniding  parts,  and  by  this 
roup  of  muscles  its  larger  movemeuta  are  performed* 

The  mucous  raemtirarie  of  the  tongue  resembles  other  mucous  mem- 
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branes  in  essential  points  of  stracture,  but  contains  papilla,  more  or 
less  peculiar  to  itself;  peculiar,  however,  in  detaUs  of  stmcture  and  ar- 
rangement, not  in  their  natare.  The  tongue  is  beset  with  numerous 
mucous  follicles  and  glands. 

The  larger  papilla  of  the  tongue  are  thickly  set  OTer  the  anterior 
two-thirds  of  its  upper  sur&ce,  or  dorsum  (fig.  227),  and  give  to  it  its 
characteristic  roughness.  In  carnivorous  animals,  especiaUy  those  of 
the  cat  tribe,  the  papillae  attain  a  large  size,  and  are  developed  into 

sharp  recurved  homy  spines.  Such  papiile 
cannot  be  regarded  as  sensitive,  but  they  en- 
able the  tongue  to  play  the  part  of  a  most 
efficient  rasp,  as  in  scraping  bones,  or  of  a 
comb  in  cleaning  fur.  Their  greater  prom- 
inence than  those  of  the  skin  is  due  to  their 
interspaces  not  being  filled  np  with  epithe- 
lium, as  the  interspaces  of  the  papiUe  of 
the  skin  are.  The  pspillse  of  the  toDgne 
present    several    diversities   of   form;  hot 


Fig.  228. 
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Fig.  228.— Section  of  a  mucous  gUmd  from  the  toog:ue.  A.  opening  of  the  duct  on  the  free  sir 
face;  0,  basement  niembraue  viSxh  nuclei:  B«  flattened  epithelial  oelU»  naing  duct  Theduct  diridet 
into  several  branches,  which  are  convoluted  and  end  blindly,  being  lined  throughout  by  columnar 
epithelium.    1),  lumen  of  (»ne  of  the  tubuli  of  the  gland.    X  w.    (Klein  and  Noble  Smith.) 

FIk.  2*J«.— Vertical  Becti(»n  of  a  circumvallate  papilla  of  the  calf.  1  and  8,  epithetinl  layen. 
covering  it ;  2,  taste  jrobletK  ;  4  and  4'.  duct  of  serous  gland  opening  out  into  the  pit  in  which  papi.la 
is  situated;  5  and  W.  nerves  rnniifyintr  \i  ithin  the  papiUa.    C^Dg^hnAnn.) 


tliree  principal  varieties,  differing  both  in  seat  and  general  characters, 
may  usually  be  distinguished,  namely,  the  (1)  circumvallate^  the  (t)' 
fungiform^  and  the  (3)  filiform  papillae.  Essentially  these  have  all  of 
them  the  same  structure,  that  is  to  say,  they  are  all  formed  by  a  projec- 
tion of  the  mucous  membrane,  and  contain  special  branches  of  blood- 
vessels and  nerves.  In  details  of  structure,  however,  they  differ  consid- 
erably one  from  another. 

The  surface  of  each  kind  is  studded  by  minute  conical  processes  of 
mucous  membrane,  which  thus  form  secondary  papillae. 

'1.)  CirannvaUate.— These  papilla?  (fig.  229),  eight  or  ten  in  num- 
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t^T,  are  situate  in  two  V-shaped  lines  at  the  base  of  the  tongue  (1, 1, 
fig.  227).  They  are  circular  elevations  from  ^V^h  to  ^^vth  of  an  inch 
wide,  (1  to  2  mm.)>  each  with  a  central  depression,  and  surrounded  by 
m  circular  fissure,  at  the  outside  of  which  again  is  a  slightly  elevated 
ring,  both  the  central  elevation  and  the  ring  being  formed  of  close-set 
■imple  papillflB. 

(2.)  Ihingiform.—The  fungiform  papillae  (3,  fig.  227)  are  scattered 
ehiefly  over  the  sides  and  tip,  and  sparingly  over  the  middle  of  the  dor- 
sum, of  the  tongue;  their  name  is  derived  from  their  being  usually  nar- 
rower at  their  base  than  at  their  summit.  They  also  consist  of  groups 
of  simple  papillse  (A.  fig.  200),  eaeh  of  which  contains  in  its  interior  a 
loop  of  capillary  blood-vessels  (B.),  and  a  nerve-fibre. 

(3.)  Conical  or  Filiform. — These,  which  are  the  most  abundant  pa- 
]iillae,  are  scattered  over  the  whole  surface  of  the  tongue,  but  especially 


nc.  tao.— Smfaoe  and  wctloD  of  the  fungtfonn  fMoiUsB.    

pAitteJiy  denuded  of  Us  epithelium:  p,  secondary  papillae;  e,  epithelium. 


A,  the  surface  of  a  fungiform  imfUa, 
_  iiMiij  ucnuucv  u&  uBO|nuicjiuui.  //,  bcwuum«/  ymytuBB*  c,  epithelium.  B,  sectiou  of  a  funf^orm 
papilla  with  the  blood-vessels  injected  ;  a,  arteir  ;  v,  vein;  c,  capillary  loops  of  similar  papiUn  in 
Ufee  neicfaboring  structure  of  tlie  toufcue;  d,  capillary  loops  of  the  secondary  papiUce;  e,  epitaelium. 
CFrom  KQlUker,  after  Todd  nnd  Bowman.) 


over  the  middle  of  the  dorsum.  They  vary  in  shape  somewhat,  but  for 
the  moat  part  are  conical  or  filiform,  and  covered  by  a  thick  layer  of 
epidermis,  which  is  arranged  over  them,  either  in  an  imbricated  manner, 
or  is  prolonged  from  their  surface  in  the  form  of  fine  stiff  projections, 
hair-like  in  appearance,  and  in  some  instances  in  structure  also  (fig. 
231).  From  their  peculiar  structure,  it  seems  likely  that  these  papillse 
have  a  mechanical  function,  or  one  allied  to  that  of  touch  rather  than 
of  taste;  the  latter  sense  being  probably  seated  especially  in  the  other 
two  varieties  of  papillse,  the  circumvallate  and  the  ftmgiform. 

The  epithelium  of  the  tongue  is  stratified  with  the  upper  layers  of 
the  squamous  kind.  It  covers  every  part  of  the  surface;  but  over  the 
fungiform  papillae  forms  a  thinner  layer  than  elsewhere.  The  epithelium 
covering  the  filiform  papillae  is  extremely  dense  and  thick,  and,  as  before 
mentioned,  projects  from  their  sides  and  summits  in  the  form  of  long, 
stiff,  hair-like  processes  (fig.  231).  Many  of  these  processes  bear  a  close 
resemblance  to  hairs.     Blood-vessels  and  nerves  are  supplied  freely  to 


r 
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the  papillae.  The  ncrres  in  the  fungiform  and  circumvalUte  paplib 
fonn  a  kind  of  plexas,  spreading  out  brashwise  (fig.  '^31),  but  tlie  exact 
mode  of  termination  of  the  nenre-fihimentfi  18  not  certainly  knowiL 

In  the  circumfaUate  papiUaB  of  the  tongne  of  man  peculiar  stmc- 
tarei  known  a^  ^utiatory  budi  or  ta^h  ffohlets^  have  been  iliscoTererL 
They  are  of  an  oral  shape,  and  conBist  of  a  namber  of  cloaeiy  pack' 

very  narrow  and  fusiform.rxu^ 
(gtistaiory  rtJh),  This  centrsl 
core  of  gustatory  cells  b  in* 
closed  in  a  single  later  4 
broader  fusiform  cells  (tV«i- 
ing  celh).  The  gnstatorT  cefli 
f^l^^^^f^  /  terminate    in    fine  spikes  noi 

unlike  cilia,  which  project  on 
the  free  surf  ace  (fig,  %Z%  f\\ 

These  bodies  ako  oectu  gidt 
bv  side  in  considerable  num- 


i^ 


F1K.2S]. 


Fig.  831.— Twoflllfortn  \y&.\y\V 
the  papilla*  divkljnp  at  Uu*ir   i 
di  rid  [US'  Into  cjit>illar>'  loo|)«ii :  r 
\n\i\  Iijur-Uke  proccwiMt /,  irom  \\\ 
Tixid  ood  Bowman.) 

Fig,  2Si.— Taste-goblet  from  flop's  epiglottic  (lArynireiil  nurfact?  near  ti*e  bas?*^,  prt'rfselT  ■ 
in  ttruoUire  ta  those  found  in  tlie  tougrue,    n.  deprvssion  in  «*pith«Uutn  o\v^  i?>  l  v  uip 

are  seen  tbts  ftnehafr-hlttf  proeeMes  in  which  the  ceU«  tt^ruiumte  ;  r,  two  nui-i>  vial 

tc»ry)  ceUa,    llie  more  auprrflclal  nuclei  titdonnf  to  the  t^ui^erfldal  ^incasingj 
liiM9i  Indicate  Oie  fuairomi  abape  of  tlie  incasing  cella,    x  400,    (tjclioflekio 

bers  in  the  epithelium  of  the  papilla  foliata,  which  is  situntf^d  near  iSe 
root  of  the  tongue  in  the  rabbit,  und  also  in  man.  Similar  tuste-gohlets 
haye  been  observed  on  the  posterior  (larpigeal)  surface  of  the  epiglottic 


'"        'heliuiD,  the  oilier  witliour.. 

into  setiondanr  papillic :  a^  arterr,  aad  c,  i«lB, 
ifjtf.  laminated  betwe«'n  the  papiilv,  butfJEtCBded 
xTivinin'"^  of  the  ■econdary  papillae.    rKrom  KOtUkff,  \ 


The  Pharynx, 

The  portion  of  the  alimentary  canal  which  intervenes  between  the 
nmoth  and  the  oeaophagns  is  termed  the  Pharifnx.  It  will  suffice  here 
to  mention  that  it  is  constructed  of  a  series  of  three  muscles  wiih  stri- 
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fibres  (confftrirtorm),  whieli  iire  covered  by  a  thin  fascia  externally, 
are  lined  inteniallj  by  a  strong  fascia  (pharyngeal  aponeurosis),  ou 
inner  aspect  of  which  is  areohir  (submucous)  tissue  and  mucous 
'etnbrane,  continuous  with  that  of  the  mouth »  and,  as  regards  the  part 
^soncerned  in  swallowing,  is  iilentical  with  it  in  general  structure.     The 
epUheliom  of  this  part  of  the  pharynx,  like  that  of  the  mouth,  is  strati- 
fied and  squamous. 

The  pharynx  is  well  supplied  with  mucous  glands  (fig,  2'^8). 
Between  the  anterior  and  posterior  arches  of  the  soft  palate  are  sit- 
the  Tonsih^  one  on  each  side*     A  tonsil  consists  of  an  elevation 
the  macous  membrane  representing  12  to  15  orifices,  which  lead  into 


ri'f^ 


X 


JEpitlMl. 


mr.iSB. 


Flif  2M- 


fiv.ns. 


l;.--LUiinu^  foIUcle  or  crvpt.    a,  lnvoLutJon  of  mn(x>ti«  imembraDe  wtth  Its  frnpian;  b^ 

Irm^ibldtiwiie^wlUiseTerallyinpWldBaca.    (Frt-y  i  .     .,       . 

Fte  2W*— Vertical  Bectjoii  throui^b  a  crypt  of  the  human  tonttri.  1,  entniiioe  to  tlie  erypt ;  a  and 

IL  tli«K»mework  or  adenoid  tissue;  4,  the  iocloslns fibrous  tioiue ;  a  and  6,  Jymphatic foUldea;  A 

■ad  6«  blood  vetBels.    (BUOir.) 

crypts  or  recesses,  in  the  walls  of  which  are  pbiced  nodules  of  adenoid 
or  lymphoid  tissue  (fig.  2M),  These  nodules  are  euTeloped  in  a  less 
dense  adenoid  tissue  which  roaches  the  mucous  surface.  The  surface 
is  covered  with  stratified  squamous  epithelium,  and  the  subepithelial  or 
mucous  membrane  proper  may  present  rudimentary  papillae  formed  of 
adenoid  tissue*  The  tonsil  is  bounded  by  a  fibrous  capsule  (fig;  234,  4). 
Into  the  crypts  open  the  ducts  of  numerous  mucous  gland?. 

The  Tiscid  secretion  which  exudes  from  the  tonsils  serves  to  lubri- 
cate the  bolus  of  food  as  it  passes  them  in  the  second  part  of  the  act  of 
deglutition. 


1 


Tig  285.— B«ctioQ  of  tlie  mucous  membrane  of  tbe  CBSOiphAgiis 

tissue*  It  is  composed  of  two  layers  of  fibres,  the  outer  being  arrsn^ 
lotigitudinitll y,  and  the  inner  circularly.  At  tht*  upper  part  of  the <e§aph- 
agtis  this  coni  is  nmde  up  principally  of  striated  muscle  fibres,  as  they 
are  continuous  with  the  constrictor  muscles  of  the  pharynx;  but  lower 
down  the  unstriuted  fibres  beconie  more  and  more  numerous,  and  towanJ 
the  end  of  the  tube  form  the  entire  coat.  The  muscular  coat  is  con- 
nected with  the  raucous  coat  by  a  more  or  less  devehjped  layer  of  areolar 
tissue,  which  forms  the  ftubfniteous  coat  (fig*  235,  /'),  in  which  is  con 
tained  in  the  lower  half  or  third  of  the  tube  many  mucous  glands,  the 
ducts  of  which,  passing  through  the  mucous  membrane,  open  on  itssnr* 
face.     Separating  this  coat  from  the  mucous  membrane  proper  is  a  well* 


reloped  layer  of  longitudinal,  imstria ted  muscle,  called  the  muscularis 

^uci^miu     The  mucous  membnine  is  composed  of  a  closely  felted  mesh- 

a£  fine  cotineetivo  tissue,  which,  toward  the  surface,  is  elevated  into 

limentary   papilla?.     It  is  covered   with  a  stratified    epithelium,  of 

lich  the  most  superficial  layers  are  squamous.     The  epitheliuni  is  ar- 

upon  a  basement  membnine. 

newly-horn  children  the  mucous  membrane  exhibits^  in  many 
the  structure  of  lymphoid  tissue  (Klein). 
Blood-  and  lymph -vessels,  and  nerves,  are  distributed  in  the  walla  of 
le  Ofsophagus.     Between  the  outer  and  inner  layers  of  the  muscular 
it,  Herve-ya$iglia  of  Auerbach  are  also  found  (fig.  241). 

Dbolutition. 

When  properly  masticated^thc  food  is  transmitted  in  successive  por- 
;>ns  to  the  stomach  by  the  act  of  deglutition  or  swallowing.  This,  for 
be  purpose  of  deBcription,  may  be  divided  into  three  acts.  In  the  first, 
irticles  of  ftwd  collected  to  a  morsel  arc  made  to  glide  between  the  sur- 
ce  of  the  tongue  [ind  the  palatine  arch,  till  they  have  passed  the  unte- 
hor  arch  of  the  fauces;  in  the  second,  the  morse!  is  carried  through  the 
pharynx;  and  in  the  fhird,  it  reaches  the  stomach  through  tlie  cesopha- 
as.  These  three  acts  follow  each  other  rapidly,  (1.)  The  first  act  may 
voluntary,  although  it  is  usually  performed  unconsciously;  the  mor- 
el of  food,  when  sufficiently  masticated,  being  pressed  between  the 
^ngne  and  palate,  by  the  agency  of  the  muscles  of  the  former,  in  such 
I  manner  as  to  force  it  back  to  the  entrance  of  the  pharynx.  (2.)  The 
Tiecond  act  is  the  most  complicated,  because  the  food  must  pass  by  the 
posterior  orifice  of  the  nose  and  the  upper  ujiening  of  the  larynx  with- 
out touching  them.  When  it  has  been  brought,  by  the  first  act,  between 
the  anterior  arches  of  the  palate,  it  is  moved  onward  by  the  movement 
of  the  tongue  backward,  aud  by  the  muscles  of  the  anterior  arches  cun- 
jHracting  on  it  and  then  behind  it.  The  root  of  the  tongue  being  re- 
'tracted,  and  the  laryrjx  being  raised  with  the  pharynx  and  curried  for- 
ward under  the  base  of  the  tongue,  the  epiglottis  is  pressed  over  the 
upper  opening  of  the  larynx,  and  the  moiBel  glides  past  it;  the  closure 
of  the  glottic  being  additionally  secured  by  the  simultaneous  contraction 
of  its  own  muscles:  so  thatj,  even  when  the  epiglottis  is  destroyed,  there 
is  little  danger  of  food  or  drink  passing  into  the  larynx  so  long  as  its 
muscles  can  act  freely.  At  the  sjime  time,  the  raising  of  the  soft  palate, 
BO  that  its  posterior  edge  touches  tlie  back  part  of  the  pharynx,  and  the 
approximation  of  the  sides  of  the  posterior  piilatine  arch,  which  move 
quickly  inward  like  side  curtains,  close  the  passage  into  the  upper  part 
of  the  pharynx  and  the  posterior  nares,  nnd  form  an  inclined  plane, 
along  the  under  surface  of  which  the  morsel  descends;  then  the  pharynx. 
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When,  on  the  other  IiantL  the  stimulas  is  applied  to  the  sffmfmS^t 
filaments  (mere  division  producing  no  apparent  effect),  the  arteritv  coo- 
tracts  and  the  blood  stream  is  in  consequence  much  diminiahed;  and 
from  the  veins,  when  opened,  there  escapes  only  a  sluggish  stream  of 
dark  blood.  The  saliva,  instead  of  being  abundant  and  watery,  becoaei 
scanty  and  tenaeions.  If  both  chorda  tympani  and  sympathetic  branciei 
be  divided,  the  gland,  released  from  nervous  control,  may  secrete  ood- 
tinuouely  and  abundantly  (  /ta rah/ fie  secretion)* 

The  abundant  secretion  of  saliva,  which  follows  stimnlatioi]  of  the 
chorda  tympani,  is  not  merely  the  result  of  a  filtration  of  fluid  from 


Fiff.  22fi,— Diacrainrantlc  repivsoiitatfon  of  the  t^b-miixilliiry  g;lftnd  of  the  -^   -  -^  '^ ^  ^^^  ti+^rvt-  a  i 
blocxlvesst^ls     fThlH  is  rtot  ijit#-ndeii  to  illiiwtmt**  thif  <?xftct  aimloniii-al  ivlnti  nl  -ni. 

turt-s.)    gm,(jlfl,,  th^f*  huH  nmxillary  plRrnH  into  the  duct  (jmi.  rf .  >  of  wttich    •  i'ir»-ii    -i 

Th*?  f^uhljnirunl  (flatid  and  duet  urn  not  shMwn.     ii.  /,,  «.  1'.^  the  liiijirtJal  or  k>^ ■^.   :    •,  ' 

ch,  t'.,  the  chorda  ty  II  niaui  |pr*x'(»c<lin^  fn:im  the  fnelaJ  tierft''.  iTecrfminjr  onjomed  uitii  lh^?  lu  c  a! 
at  n.  l\,  at!*}  afterward  divi^rpiDj^;:  find  fUksjihiK'  to  the  g'liAud  alon^  Ihe  dut-t :  tm.  pJ  ,  mi^^  iiiixilLr 
gaxijrliuD  with  it»  i-oots;  n,  L,  the  lin^ml  nerve  prori***ding  to  the  lonini** '  <t  rrir  ,  thr  lanriJ  ;ni-n 
two  branchf^a  of  ^rhkb.//.  am.  a.  aiid  r.  am.  ji.,  pflw*i  to  ih^nntedor  and  iMt.s(t'rli  r  p^ins  ux  Ww  \:1\t\  : 
V,  ffin.i  the  anterior  and  posl<*rtor  vpins  frcjni  the  f?liind  i^uditije:  in  r  jf,.  tli»' ju^'ular  T,>in  :  r  ,«?yrii  ,  Mr. 
conjoined  vapus  ami  Kvmpatht'tSc  trunks;  gl  cer.a.,  the  suporior-eervkiiJ  ^.'iiu^li.rs.  i\\<-  ir  r,>i  - 
of  which  formtiiiB: a pk'xuH»  a,/.*  ovi.*r  the  facial  artery  are  distHbuted  in.  nutn,  Am  >  .oir.n^'  Vw*--  i>i 
frhnidnhir  nrtfTk'H  to  the  aTiterior  and  ixisterior  ^K>rtjon  of  the  jfland.  The  arri-^vs  mlS'  u'*  i  i- 
direetioa  txikeu  by  tlie  nervous  hupulRfW ;  duriuj^  reflex  atlitiubtions  <:*£  thv  g'lami  thev  A*cexiU  l^s  lii; 
brain  bjr  the  Ungual  and  descend  by  the  choi^a  tynipaaL    {lA,  Foater.) 

the  blood-vessels,  in  €onseqnence  of  the  hirgely  increased  circulation 
through  them.  This  is  proved  by  the  fact  that,  when  the  main  duct  u 
obstructed^  tlie  pressure  within  may  considerably  exceed  the  blood-pre^ 
sure  in  the  arteries,  and  also  thai  when  into  the  veins  of  the  animul 
experimented  upon  some  airopin  has  been  previously  injected,  stimula- 
tion of  the  peripheral  end  of  tlie  divided  chorda  produces  all  the  vascu- 
lar effects  as  before,  without  any  secretion  of  saliva  accompanying  them. 
Again,  if  an  animaFs  head  be  cot  of,  and  the  chorda  be  rapidly  exposed 
and  stimulated  with  an  interrupted  current^  a  secretion  of  saliva  ensues  for 
a  short  time,  although  the  blood  supply  is  necessarily  absent.     These 
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cperimentfi  serve  to  prove  that  the  chorda  contains  two  sets  of  nerve 

Ibreii,  one  get  {vaso-dtlator)  which,  whoa  stimuhited*  act  upon  a  local 

-Diotor  centre  for  regulating  the  blood  supply,  inhibiting  its  action, 

ad  causing  the  vessels  to  diktciind  so  producing  itn  increased  supply  of 

lood  to  the  gland;  while  another  set,  which  are  paralyzed  by  injection 

^f  atropin,  directly  stimulate  the  cells  themselves  to  activity,  whereby 

ley  secrete  and  dischtirgc  the  constituents  of  the  saliva  which  they 

produce.     These  hitter  fibres  very  possibly  terminate  in  the  salivary  cells 

tiemselves*       If,  on  the  other  hand,  the  sympathetic  fibres  be  divided, 

"stimulation  of  the  tongue  by  sapid  substances,  or  of  the  trunk  of  the 

lingual,  or  of  the  glosso-pharyngeal,  continues  to  produce  a  flow  of  saliva, 

Hff'rom  the&e  experiments  it  is  evident  that  the  chorda  tympani  nerve  is 

^Bhe  principal  nerve  tiirough  which  efferent  impulses  proceed  from  the 

^Mentre  to  excite  the  secretion  of  this  gland. 

^m  The  sympathetic  fibres  appear  to  act  principally  as  a  vaso^constrictor 
^Tierve,  and  to  exalt  the  action  of  the  local  vaso-raotor  centres.  The 
ay m pathetic  is  more  powerful  in  this  direction  than  the  chorda.  There 
is  not  sufiicient  evidence  in  favor  of  the  belief  that  the  submaxilUry 
ganglion  is  ever  the  nerve  centre  which  controls  the  secretion  of  the 
8ab maxillary  gland. 

On  the  Parotid  GhuuL — The  nerves  which  influence  secretion  in  the 
parotid  gland  are  branches  of  the  facial  (lesser  superficial  petrosiil)  and 
of  the  sympathetic.  The  former  nerve,  after  passing  through  the  optic 
ganglion,  joins  the  auricnlo-temporal  branch  of  the  fifth  cerebral  nerve, 
and,  with  it,  is  distributed  to  the  gland.  The  nerves  by  whicli  the 
stimulus  ordinarily  exciting  secretion  is  conveyed  to  the  medulla  ob- 
longata, are,  as  in  the  case  of  the  submaxillary  ghmd,  the  fifth,  and  the 
glosso-pharyngeal.  The  pneumogastric  nerves  convey  a  further  stimii* 
lus  to  the  secretion  of  saliva,  when  food  has  entered  the  stomach;  the 

Eerve  centre  is  the  same  as  in  the  case  of  the  submaxillary  gland. 
Chamjes  in  the  Gland  Celh^ — The  method  by  which  the  salivary  cells 
roduce  the  secretion  of  saliva  appears  to  be  divided  into  two  stages, 
which  differ  somewhat  according  to  the  class  to  which  the  gland  belongs, 
viz.,  w^hether  to  (1)  the  true  salivary,  or  {2}  to  the  mucous  type.  In  the 
former  case,  it  has  been  noticed,  as  has  been  already  described,  that 
during  the  rest  which  follows  an  active  secretion  the  lumen  of  the  alveo- 
lus becomes  smaller,  the  gland  cells  larger  and  very  granuhir.  During 
secretion  the  alveoli  and  their  cells  become  smaller,  and  the  granular 
appearance  in  the  hitter  to  a  considerable  extent  disappears,  and  at  the 
end  of  secretion  the  griinules  are  confined  to  the  inner  part  of  the  cell 

■nearest  to  the  lumen,  which  is  now  quite  distinct  (fig.  :J26). 

^  It  is  supposed  from  these  appearances  that  the  first  stage  in  the  act 
of  secretion  consists  in  the  protopla.^m  of  the  salivury  cell  taking  up 
from  the  lymph  certain  niiiterials  from  which  it  manufactures  the  ele- 
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levels  8oft^  and  velvety;  of  a  pale  pink  color  daring  life,  and  in  thecoA- 
tracted  state  thrown  into  namerons,  chiefly  longitudinal,  folds  or  ngs^ 
which  disappear  when  the  organ  is  distended. 

The  basis  of  the  mncons  membrane  is  a  fine  connectiye  tissue,  vhich 
approaches  closely  in  structure  to  adenoid  tissne;  this  tissue  snpporti 
the  tubulur  glands  of  which  the  superficial  and  chief  part  of  the  mncou 
membrane  is  composed,  and  passing  up  between  them  assists  in  binding 
them  together.  Here  and  there  are  to  be  found  in  this  coat,  immedi- 
ately underneath  the  glands,  masses  of  adenoid  tissue  snfficientiy 
marked  to  be  termed  by  some  lymphoid  follicles.  The  glands  are  sepa- 
rated from  the  rest  of  the  mucous  membrane  by  a  very  fine  homogene- 
ous basement  membrane. 

At  the  deepest  ])art  of  the  mucous  membrane  are  two  layers  (circu- 
lar and  longitudinal)  of  unstriped  muscular  fibres,  called  the  muscularif 
tmtvfhsrr,  which  separate  the  mucous  membrane  from  the  scanty  sub- 
mucous tissue. 


Fig.  287— Transverse  section  throueh  lower  part  of  peptic  frlands  of  a  cat.    a,  peptic  cells;  ft.  smaB 
spheroidal  or  cubical  cells:  c,  transverse  section  of  capillaries.     cFrej) 

Wlien  examined  with  a  lens,  the  internal  or  free  surface  of  the  stom- 
ach presents  xi  i)cciiliiir  honeycomb  appearance,  produced  by  shallow 
polygonal  depressions,  tlie  diameter  of  which  varies  generally  from  yj^tb 
to  Tj^(,th  of  an  incli  (about  125/i)  ;  but  near  the  pylorus  is  as  much  as 
j/,„thof  im  inch  (250//).  They  are  separated  by  slightly  elevated 
ridges,  which  sometimes,  especially  in  certain  morbid  states  of  the  stom- 
ach, bear  minute,  narrow  vascular  processes,  which  look  like  villi,  and 
have  given  rise  to  the  erroneous  supposition  that  the  stomach  has 
absorbing  villi,  like  those  of  the  small  intestines.  In  the  bottom  of 
these  little  pits,  and  to  some  extent  between  them,  minute  openings  are 
visible,  which  are  the  orifices  of  the  ducts  of  perpendicularly  arnmged 
tubular  glands  (fig.  236),  imbedded  side  by  side  in  sets  or  bundles,  on 
the  surface  of  the  mucous  membrane,  and  composing  nearly  the  whole 
structure. 

The  glands  of  the  mucous  membrane  are  of  two  varieties,  («)  Peptic, 
(/>)  Pyloric  or  Mucous. 

{a)  Peptic  glands  are  found  throughout  the  whole  of  the  stomach 
except  at  the  pylorus.     They  are  arranged  in  groups  of  four  or  fiv^ 
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rMch   are  fteparated  by  a  fine  connective  tiasue.     Two  or  three  tubeg 

[ten  open  into  one  duet,  which  forms  about  a  third  of  the  whole  length 

the   tube  iind  opens  on  the  surface.     The  ducts  are  lined  with  co- 

mar  epithelium^     Of  the  gland  tube  proper,  i,e,^  the  part  of  the  gland 

flo*  the  duet,  tiie  upper  third  is  the  necA'  and  the  rest  the  imii/.     The 

5k  is  narrower  than  the  body,  and  is  lined  with  gninular  cubical  cells 

rhich  are  continuous  with  the  columnar  cells  of  the  duct»     Between 

cells  and  tlie  membrana  propria  of  the  tubes,  are  large  oval  or 

rical  cells,  opaque  or  granular  in  appearance,  with  clear  oval  nuclei, 

ilging  out  the  membrana  propria;  these  cells  are  called  peptic  or  pa- 
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riff  a!  eelh.  They  do  not  form  a  continuous 
layer.  The  body,  which  is  broader  than 
the  neck  and  terminates  in  a  blind  ex- 
tremity or /'//;/ r//^v  near  the  inuscularis  mu- 


Fl^.  38S. 


Fig.asjg. 


FIS- ^9Bl — Section  showinjf  the  pyloric  ptAndit,  s,  fnw  nurface;  d,  ductM  of  pyloric  glands;  i*^ 
ct  of  Mime;  m,  tlie  irland  alveoU ;  mm,  muscularis  iimcoswa.    <  Klt^iu  and  Noble  ^suiith.  > 

Fliff  ^SH.  —Plan  <if  the  blcxkl-veKaelt  of  Uie  Ktoinuch,  oh  llioy  woiilit  he  seen  iu  a  vi*rtical  s^-ction. 

ATtteincmt  pasKitig  up  fruni  the  Tcwela  of  liuhiiiiieoiK^  tM^at:  h,  copillaries  hninchin»;  betwet-n  and 

TPtmd  the  tubes;  r.  sup^^rfldal  ptexus  of  capillaries  orcnpjinift  he  rtii(?e« of  the  miicniismemhrane; 

k  v«ta  fonDBd  by  lh«  union  of  Tein^t  wtvieh,  haviug  eollHcteil  the  blood  of  th«3  mperflcial  capillary 

'' ~~    ,  ftre  Men  poasiDK  Ao^a  hetweco  tb»»  tubes.    ( BHnton.) 

e,  is  lined  by  cells  continuous  with  the  cubical  or  central  cells  of 
the  neck,  but  longer,  more  columnar  and  more  tninspareni.  In  tliis 
Ipart  are  a  few  parietal  cells  of  tlic  same  kind  as  in  the  neck  (fig» 
)l36). 

As  the  pylorus  is  approachf^  the  gland  ducts  become  longer  and 
I  the  tube  proper  becomes  shorter,  an<l  occapionuUy  branched  at  the 
>  fundus. 

(b)  Pifloric  Glands.^-'These  ^lauds  (fig.  938)  liave  much  longer  ducts 
flhan  the  peptic  glands.  Into  each  duct  two  or  tliree  tubes  open  by 
very  short  and  narrow  necks,  and  the  body  of  each  tube  ia  branched. 
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wavy,  and  convoluted.  The  lumen  is  very  large.  The  ducts  are  lined 
with  columnar  epithelium,  and  the  neck  and  body  with  shorter  and 
more  granular  cubical  cells,  which  correspond  with  the  central  cellgof 
the  peptic  glands.  During  secretion  the  cells  become,  as  in  the  case  of 
the  peptic  glands,  larger  and  the  granules  restricted  to  the  inner  zone 
of  the  cell.  As  they  approach  the  duodenum  the  pyloric  glands  become 
larger,  more  convoluted  and  more  deeply  situated.  They  are  directlj 
continuous  with  Brunner's  glands  in  the  duodenum.     (Watney.) 

Changes  in  tJie  gland  cells  during  secretion. — The  chief  or  cubical 
cells  of  the  peptic  glands,  and  the  corresponding  cells  of  the  pylorie 
glands  during  the  early  stage  of  digestion,  if  hardened  in  alcohol,  appear 
swollen  and  granular,  and  stain  readily.  At  a  later  stage  the  cells  be- 
come smaller,  but  more  granular  and  stain  even  more  readily.  The 
parietal  cells  swell  up,  but  are  otherwise  not  altered  daring  digestioiL 
The  granules,  however,  in  the  alcohol-hardened  specimen,  are  believed 
not  to  exist  in  the  living  cells,  but  to  have  been  precipitated  by  the 
hardening  reagent;  for  if  examined  during  life  they  appear  to  be  con- 
fined to  the  inner  zone  of  the  cells,  and  the  outer  zone  is  free  from 
granules,  whereas  during  rest  the  cell  is  granular  throughout.  Tbeae 
granules  are  thought  to  be  pepsin,  or  the  substance  from  which  pepsin 
is  formed,  pej)sinogen,  which  is  during  rest  stored  chiefly  in  the  inner 
zone  of  the  cells  and  discharged  into  the  lumen  of  the  tube  daring 
secretion.     (Langley.) 

Lymphatics. — Lymphatic  vessels  surround  the  gland  tubes  to  a 
greater  or  less  extent.  Toward  the  fundus  of  the  peptic  glands  are 
found  masses  of  lymphoid  tissue  which  may  appear  as  distinct  follicles, 
somewhat  like  the  solitary  glands  of  the  small  intestine. 

Blood-vessels. — The  blood-vessels  of  the  stomach,  which  first  break 
up  in  the  sub-mucous  tissue,  send  branches  upward  between  the  closely 
packed  glandular  tubes,  anastomosing  around  them  by  means  of  a  fine 
capillary  network,  with  oblong  meshes.  Continuous  with  this  deeper 
plexus,  or  prolonged  upward  from  it,  so  to  speak,  is  a  more  superficial 
network  of  larger  capillaries,  which  branch  densely  around  the  orifices 
of  the  tubes,  and  form  the  framework  on  which  are  moulded  the  small 
elevated  ridges  of  mucous  membrane  bounding  the  minute,  polygonal 
pits  before  referred  to.  From  this  svperficial  network  the  veins  chiefly 
take  their  origin.  Thence  passing  down  between  the  tubes,  with  no 
very  free  connection  with  the  deeper  inter-tvbnlar  capillary  plexus, 
they  open  finally  into  the  venous  network  in  the  submucous  tissue. 

^^erves. — The  nerves  of  the  stomach  are  derived  from  the  pneumo- 
gastric  and  sympathetic,  and  form  a  plexus  in  the  sub-mucous  and  mus- 
cular coats  containing  many  ganglii  (Remak,  Meissner). 
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Gastric  Juice. 


The  functions  of  the  stomacii  are  (n)  to  secrete  a  digestive  fluid,  the 

8tric  juice,  to  the  action  of  which  the  food  is  subjected  after  it  iius 

I  the  cavity  of  the  stomach  from  the  oesophagus;  (b)  to  thor- 

ighly  incorporate  the  fluid  with  the  food  by  means  of  its  muscular 

lovements;  and  (c)  to  absorb  such  Btibstances  as  are  ready  for  absorp- 

While  the  stomach  contains  no  food,  and  is  inactive,  no  gastric 

is  secreted;  and  mucus,  which  is  either  neutral  or  sHglitlj  alkaline, 

rs  its  surface.     But  immediately  on  the  introduction  of  food  or  other 

ibstance,  the  mucous  membrane,  previously  quite  pale,  becomes  slightly 

jid  and  reddened  with  the  influx  of  a  larger  quantity  of  Wood;  the 

ric  glands  commence  secreting  actively,  and  an  acid  fluid  is  poured 

rout  in  minute  drops,  which  gradually  run  together  and  flow  down  the 

[Widls  of  the  stomach,  or  eoak  into  the  snhstances  within  it. 

Chemical  CofnpodfiofL — The  first  accurate  analysis  of  gastric  juice 
made  by  Prout :  but  it  does  not  appear  to  have  been  collected  in 
large  quantity,  or  pure  and  separate  from  food,  until  the  time  when 
lumont  was  enabled,  by  a  fortunate  circumstance,  to  obtain  it  from 
!  stomach  of  a  man  named  St.  Martin,  in  whom  there  existed,  as  the 
suit  of  a  gunshot  wound,  an  opening  leading  directly  into  the  stomach, 
lear  the  upper  extremity  of  the  great  curvature,  and  three  inches  from 
the  cardiac  orifice*     The  introduction  of  any  mechanical  irritant,  such 
the  bulb  of  a  thermometer,  into  the  stomach,  through  this  artificial 
opening,  excited  at  once  the  secretion  of  gastric  fluid.     This  was  drawn 

IHjff,  and  was  often  obtained  to  the  extent  of  nearly  an  ounce.     The  in- 
troduction of  alimentary  substances  caused    a  mnch  more  rapid  and 
abundant  secretion  than  did  other  mechanical  irritants.     Ko  increase  of 
temperature  could  be  detected  during  the  most  active  secretion;  the 
^     thermometer  introduced  into  the  stomach  always  stood  at  BT.S"'  C.  (100'' 
Hp.)  except  during  muscular  exertion,  when  the  temperature  of  the  stum- 
^■ich,  like  that  of  other  parts  of  the  body,  rose  one  or  two  degrees  higher. 
H       The  chemical  composition  of  hunxan  gastric  Juice  has  been  also  in- 
■  Testigated  by  Schmidt.     The  fluid  in  this  case  was  obtained  by  means 
^  of  an  accidental  gastric  fistula,  which  existed  for  several  years  below 
the  loft  mammary  region  of  a  patient  between  the  cartilages  of  the  ninth 
and  tenth  ribs.     The  mucous  membrane  was  excited  to  action  by  the 
introduction  of  some  hard  matter,  such  as  dry  peas,  and  the  secretion 
was  removed  by  means  of  an  elastic  tube.     The  fluid  thus  obtained  wiis 
found  to  be  acid,  limpid,  odorless,  witfi  a  mawkish  taste — with  a  specific 
gravity  of  1002  to  1010.     It  contained  a  few  cells,  seen  with  the  micro- 
scope, and  some  fine  granular  matter.     The  analysis  of  the  fluid  obtained 
in  this  way  is  given  below.     The  gastric  juice  of  dogs  and  other  animals 
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obtained  by  the  introdaction  into  the  stomach  of  a  clean  sponge  through 
an  artificially  made  gastric  fistula,  shows  a  decided  difference  in  compo. 
sition^  but  possibly  this  is  dne,  at  least  in  part,  to  admixture  with  io^, 

CHEMICAL  C0MF06RI0X  OF  OASTBIC  JUICE. 

Dogs.         HiizDtt. 

Water 971.17      m.i 

Solids 28.82         5.36 

Solid»-> 

Ferment—Pepsin 17.5  8.1» 

Hydrochloric  acid  (free) 2.7  .2 

Salts- 
Calcium,  sodium,  and  potassium,  chlorides ;  and 
calcium,  magnesium,  and  iron,  phosphates  8.57         2.1^ 

The  quantity  of  gastric  juice  secreted  daily  has  been  yariously  esti- 
mated; but  the  average  for  a  healthy  adult  may  be  assumed  to  range 
from  ten  to  twenty  pints  in  the  twenty-four  hours.  The  acidity  of  th« 
fluid  is  due  to  free  hydrochloric  acid^  although  other  acids,  e^g,  laeii^ 
acetic,  htityric,  are  not  infrequently  to  be  found  therein  as  products  of 
gastric  digestion  or  abnormal  fermentation.  The  amount  of  hydro- 
chloric acid  varies  from  2  to  .2  per  1000  parts.  In  healthy  gastric 
juice  the  amount  of  free  acid  may  be  as  much  as  .2  per  cent. 

There  is  but  little  doubt  that  hydrochloric  acid  is  the  proper  acid  of 
healthy  gastric  juice,  and  various  tests  have  been  used  to  prove  this; 
most  of  these  depend  upon  changes  produced  in  aniline  colors  by  the 
action  of  hydrochloric  acid,  even  in  minute  traces,  whereas  lactic  and 
other  organic  acids  have  no  such  action.  Of  these  tests  the  following 
may  be  mentioned. 

An  aqueous  alkaline  solution  of  00  troptBoIin,  a  bright  yellow  dye, 
is  turned  red  on  the  addition  of  a  minute  trace  of  hydrochloric  acid;  and 
aqueous  solutions  of  methyl  violet  and  gentian  violet  are  turned  blue 
under  the  same  circumstauoes.  The  lactic  acid  sometimes  present  in 
the  contents  of  the  stomach  is  derived  partly  from  the  sarcolactic  acid 
of  muscle,  and  partly  from  lactic  acid  fermentation  of  carbohydrates. 
Lactic  acid  (CsUeOs),  if  present,  gives  the  following  test.  A  solution  of 
10  cc.  of  a  4  per  cent  aqueous  solution  of  carbolic  acid,  20  cc.  of  water, 
and  one  drop  of  liquor  ferri  perchloride  is  made,  forming  a  blue-colored 
mixture;  a  mere  tnice  of  free  lactic  acid  added  to  such  a  solution  causes 
it  to  become  yellow,  whereas  hydrochloric  acid  even  in  large  amount 
only  bleaches  it. 

As  regards  the  formation  of  pepsin  and  acid,  the  former  is  produced 
by  the  central  or  chief  cells  of  the  peptic  glands,  and  also  most  likely  by 
the  similar  colls  in  the  pyloric  glands;  the  acid  is  chiefly  found  at  the 
surface  of  the  mucous  membrane,  but  is  in  all  probability  formed  by  the 
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*fMrietal  cells  of  the  peptic  glands,  hence  called  oxyntic,  as  no  acid  is 
formed  by  the  pyloric  glands  in  which  this  variety  of  cell  is  absent. 

The  ferment  Pepsin  can  be  procured  by  digesting  portions  of  the  mucous 
membrane  of  the  stomach  in  cold  water,  after  they  have  been  macerated  for 
•ome  time  in  water  at  a  temperature  27'— 37.8°  C.  (80°— 100=  F.).  The  warm 
wmter  dissolves  various  substances  as  well  as  some  of  the  pepsin,  but  the  cold 
wmter  takes  up  little  else  than  pepsin,  which  is  contained  in  a  grayish-brown 
Tiacid  fluid,  on  evaporating  the  cold  solution.  Hie  addition  of  alcohol  tlurows 
down  the  pepsin  in  grayish-white  flocculi.  Qlycerine  also  has  the  property  of 
diasolving  out  the  ferment ;  and  if  the  mucous  membrane  be  finely  minced,  and 
dehydrated  by  absolute  alcohol,  a  powerful  extract  may  be  obtained  by  macer- 
ating it  in  glycerine. 

Functions. — {a)  The  chief  digestive  power  of  the  gastric  juice  de- 
pends on  the  pepsin  and  acid  contained  in  it,  both  of  which  are,  under 
ordinary  circumstances,  necessary  for  the  process. 

The  general  effect  of  digestion  in  the  stomach  is  the  conversion  of 
the  food  into  chyme,  a  substance  of  varying  composition  according  to 
the  nature  of  the  food,  yet  always  presenting  a  characteristic  thick, 
pnltaceona,  grumons  consistence,  with  the  undigested  portions  of  tlie 
food  mixed  in  a  more  fluid  substance,  and  a  strong,  disagreeable  acid 
odor  and  taste. 

The  chief  function  of  the  gastric  juice  is  to  convert  proteids  into 
peptones.  This  action  may  be  shown  by  adding  a  little  gastric  juice 
(natural  or  artificial)  to  some  diluted  egg-albumin,  and  keeping  the  mix- 
ture at  a  temperature  of  about  37.8°  C.  (100*^  F.) ;  it  is  soon  found  that  the 
albumin  cannot  be  precipitated  on  boiling,  but  that  if  the  solution  be 
neutralized  with  an  alkali,  a  precipitate  of  acid-albumin  is  thrown  down. 
After  a  while  the  acid-albumin  disappears,  so  that  no  precipitate  results 
on  neutralization,  and  finally  it  is  found  that  all  the  albumin  has  been 
changed  into  another  proteid  substance  which  is  not  precipitated  on 
boiling  or  on  neutralization.  This  is  called  peptone,  but  in  the  conver- 
sion of  the  albumin  into  peptone  there  are  various  intermediate  prod- 
ucts called  proteoses.  Of  these  there  are  two  chief  forms,  viz.,  7; ro/o- 
albumose  and  deutero-albtimose. 

Characteristics  of  Peptoms. — Peptones  have  a  certain  characteristic 
which  distinguishes  them  from  other  proteids.  They  are  diffusible,  i.p., 
they  possess  the  property  of  passing  through  animal  membranes. 

In  their  diffusibility  peptones  differ  remarkably  from  egg-albumin, 
and  on  this  diffusibility  depends  one  of  their  chief  uses.  Egg-albumin 
as  such,  even  in  a  state  of  solution,  would  be  of  little  service  as  food, 
inasmuch  as  its  indiffusibility  would  effectually  prevent  its  passing  by 
absorption  into  the  blood-vessels  of  the  stomach  and  intestinal  canal. 
When  completely  changed  by  the  action  of  the  gastric  juice  into  pep- 
tones, albuminous  matters  diffuse  readily,  and  are  thus  quickly  absorbed. 
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After  entering  the  blood  the  peptones  are  very  soon  again  modified, 
80  as  to  reassnme  the  chemical  characters  of  albumin^  a  change  as  nec- 
essary for  preventing  their  diffusing  out  of  the  blood-vessels,  as  the 
previous  chiinge  was  for  enabling  them  to  pass  in.  This  is  effected, 
probably^  in  great  part  by  their  passage  through  the  vascular  walk 

Products  of  Gastric  Digestion. — The  chief  product  of  gastric  digea- 
tion  is  undoubtedly  peptone.  It  should  be  stated,  however,  that  the 
conversion  of  native  albumin  into  acid-albumin  may  be  effected  by  the 
hydrochloric  acid  alone,  the  further  action  is  undoubtedly  due  to  the 
ferment  and  the  acid  acting  together,  as  although  under  high  pressure 
any  acid  solution  may,  it  is  said,  if  strong  enough,  produce  the  entire 
conversion  into  peptone,  under  the  condition  of  digestion  in  the  stomich 
this  would  be  quite  impossible;  and,  on  the  other  hand,  pepsin  will  not 
act  without  the  presence  of  acid.  The  production  of  the  two  forms  of 
peptone  above  mentioned  is  usually  recognized.  Their  differences  in 
chemical  properties  have  not  yet  been  made  out,  but  they  are  distin- 
guished by  this  remarkable  fact,  that  the  pancreatic  juice,  while  pos- 
sessing no  action  over  the  anti-peptone,  is  able  to  convert  the  hemi- 
peptone  into  two  nitrogenous  crystallizable  bodies,  leacin  and  tyrosin. 
Pepsin  acts  the  part  of  a  hydrolytic  ferment  (proteolytic),  and  appears 
to  cause  hydration  of  albumen,  peptone  being  a  highly  hydrated  form 
of  albumin. 

According  to  recent  observations  a  molecule  of  albumen  may  be 
considered  to  be  made  up  of  two  parts,  a  hemi-albumin  moiety  and  an 
anti-albumin  moiety,  and  the  conversion  of  these  parts  by  the  action 
of  gastric  juice  has  been  drawn  up  into  the  following  table  by  Halliburton 
from  the  researches  of  Neumeister. 

AlbumiiL 

_l 


Hemi-Albumin.  ADti-Albumin. 

I I 


ProtoAliiumose.  Hetero-An)umo0e.  Anti-Albmninate. 

Hemi-deutero  Ampho-deutero  Anti-Albumid. 

Alhuiiiofie.  Albumoee.  j 

I  I  Anti-deutero  Albumon. 

Henii-Peptone.  Ampho-Peptone.  Anti-Ftoptoue. 

Proto-albumose,  the  first  product,  is  soluble  in  either  hot  or  cold 
water,  as  well  as  in  hot  or  cold  saline  solution,  but  is  precipitated  by 
saturation  with  solid  sodium  chloride  or  magnesium  sulphate,  as  well  as 
with  solid  ammonium  sulphate.  On  the  addition  of  copper  sulphate 
it  is  precipitated,  and  the  precipitate  is  redissolved  on  addition  of  caustic 
potash  forming  a  rose  red  solution  (biuret  test). 

Hetero-alhumofie  differs  from  proto-albumose  in  being  insoluble  in  hot 
or  cold  water;  it  is  soluble  in  hot  or  cold  saline  solutions,  but  is  precip- 
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*  itated,  not  coagnlated,  at  a  temperature  of  65°  G.    In  all  other  respects 
it  resembles  proto-albumose. 

Deuierchalbumose  is  soluble  in  hot  or  cold  water^  as  well  as  in  hot  or 
eold  saline  solution.  It  is  not  precipitated  by  saturation  with  solid 
•odium  chloride  or  magnesium  sulphate,  but  in  all  other  respects  re- 
Mnibles  the  other  albumoses. 

Peptone  reacts  to  the  same  test  as  deutero-albumose,  but  is  not  pre- 
cipitated on  saturation  with  ammonium  sulphate. 

In  the  above  table  then  the  ultimate  result  is  seen  to  be  peptone;^ 
hemi-albumin  yielding  proto-albumose  and  hetero-albumose  in  the  first 
instance;  then  hemi-deutero-albumose,  then  hemi-peptone;  anti-albumin 
^  yielding  first  hetero-albumose  and  anti-albuminate  (or  acid-albumin), 
then  anti-deutero-albumose;  anti-albumid,  an  insoluble  product,  slowly 
yielding  anti-deutero-albumose,  and  finally  anti-peptone.  The  term 
aanpho-deutero-albumose,  and  ampho-peptone  indicating  a  mixture  of 
the  hemi  and  anti  products  respectively. 

Circumstances  favoring  Gastric  Digestion, — 1.  A  temperature  of 
about  37.8**  C.  (100°  R);  at  0°  C.  (33°  F.)  it  is  delayed,  and  by  boiling  is 
altogether  stopped.  2.  An  acid  medium  is  necessary.  Hydrochloric  is 
the  best  acid  for  the  purpose.  Excess  of  acid  or  neutralization  stops  the 
process.  3.  The  removal  of  the  products  of  digestion.  Excess  of  peptone 
delays  the  action. 

a.  Fibrin  is  first  dissolved,  forming  a  solution  of  globulins.  The 
intermediate  products  of  the  digestion  of  globulins  are  called  globuloses; 
of  yitellin,  vitelloses;  of  casein,  caseinoses;  of  myosin,  myosinoses. 
These  are  practically  the  same  as  albumoses,  and  are  included  under 
the  term  proteoses. 

b,  Proteids. — All  proteids  are  converted  by  the  gastric  juice  into 
peptones,  and,  therefore,  whether  they  be  taken  into  the  body  in  meat, 
eggs,  milk,  bread,  or  other  foods,  peptone  is  still  the  resultant. 

*  c.  Milk  is  curdled,  the  casein  being  precipitated,  and  then  dissolved. 
The  curdling  is  due  to  a  special  ferment  of  the  gastric  juice,  and  is  not 
due  to  the  action  of  the  free  acid  only.  The  effect  of  rennet,  which  is 
a  decoction  of  the  fourth  stomach  of  a  calf  in  brine  (rennet),  has  long 
been  known,  as  it  is  used  extensively  to  cause  precipitation  of  casein  in 
cheese  manufacture.  The  ferment  which  produces  this  curdling  action 
is  distinct  from  pepsin,  and  is  called  rennin. 

d.  Oelatin  is  dissolved  and  changed  into  peptone,  as  are  also  chondrin 
and  elastin;  but  muciny  and  the  horny  tissues,  which  contain  keratin 
generally  are  unaffected. 

e.  On  the  amylaceous  articles  of  food,  and  upon  pure  oleaginous  prin- 
ciples the  gastric  juice  has  no  action.  In  the  case  of  adipose  tissue,  its 
effect  is  to  dissolve  the  areolar  tissue,  albuminous  cell-walls,  etc.,  which 


^'v  Handbook  or  phtsiologt. 

^gLTJzz  iz'o  :u  yimprjsixioii^  bj  vhich  meuu  the  fat  is  able  to  i 
u^'-.T^  -r.  Jonnlj  wi:*!  the  otho'  oonsntoenu  of  the  chyme. 

T:,^  7p£ir.'^  f  aid  act4  as  a  general  solvent  for  some  of  the  ml'm 
co2i4:;::^^Lti  of  the  food,  as,  for  example,  particles  of  common  salt,  ▼hieh 
xzLkj  Lapp*::.  CO  hare  escaped  wlntion  in  the  saliva;  while  its  acid  mtr 
er^ole  ::  to  ii>rC/lTe  some  other  salts  which  are  insoluble  in  the  latter 
or  ii.  water. 

/.  It  al.-o  dii^jlTes  cane  mgar^  and  bj  the  aid  of  its  mncns  (which 
•tnaT  contain  an  inverting  ferment)  causes  its  conversion  in  part  into 
grape  gu;rar. 

y.  The  action  of  the  gastric  juice  in  preventing  and  cheeking  piitr»-  ' 
faction  has  been  often  directly  demonstrated.  Indeed,  that  the  secre- . 
tionri  which  the  food  meets  with  in  the  alimentary  canal  are  antuseptic  in 
their  action,  is  what  might  be  anticipated,  not  only  from  the  proneneEi 
to  decom{x>3ition  of  organic  matters,  snch  as  those  used  as  food, 
esfKKrially  under  the  influence  of  warmth  and  moisture,  but  also  from 
the  well-known  fact  that  decomposing  flesh  {e.ff.,  high  game)  may  be 
eaten  with  impunity,  while  it  would  certainly  cause  disease  were  it 
allowed  to  enter  the  blood  by  any  other  route  than  that  formed  bj  the 
organs  of  digestion. 

Tiffie  occupied  in  Gastric  Digestion. — Under  ordinary  condition8, 
from  three  to  four  hours  may  be  taken  as  the  average  time  occupied  bj 
the  digestion  of  a  meal  in  the  stomach.  But  many  circumstances  will 
modify  the  rate  of  gastric  digestion.  The  chief  are:  the  nature  of  the 
food  taken  and  its  fjua?ifitt/  (the  stomach  should  be  fairly  filled— not 
distended) ;  the  time  that  has  elapsed  since  the  last  meal,  which  shonld 
be  at  least  enough  for  the  stomach  to  be  quite  clear  of  food;  theamonnt 
of  exercise  previous  and  subsequent  to  a  meal  (gentle  exercise  being  fa- 
vorable, over-exertion  injurious  to  digestion) ;  the  state  of  mind  (tran- 
quillity of  temper  being  essential,  in  most  cases,  to  a  quick  and  due  di- 
gestion), and  the  bodily  health. 

Minu'inpnf.<i  nf  the  Sfnmach. — The  gastric  fluid  is  assisted  in  accom- 
plishing its  share  in  digestion  by  the  movements  of  the  stomach.  In 
granivoroiis  birds,  for  example,  the  contraction  of  the  strong  muscular 
gizzard  affonls  a  necessary  aid  to  digestion,  by  grinding  and  triturating 
the  hard  seeils  which  constitute  part  of  the  food.  But  in  the  stomachs 
of  man  and  other  Mammalia  the  movements  of  the  muscular  coat  are 
too  fcchlo  to  exercise  any  such  mechanical  force  on  the  food;  neither 
are  they  iieedoiU  for  mastication  has  already  done  the  mechanical  work 
of  a  giz/.anl:  and  experiments  have  demonstrated  that  substances  are 
digested  ovon  inolose<l  in  i)erf orated  tubes,  and  consequently  protected 
from  nioflianioal  intluenco. 

The  normal  actions  of  the  muscular  fibres  of  the  human  stomach 
appear  to  have  a  three-fold  purpose:  (1)  to  adapt  the  stomach  to  the 
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qnantity  of  food  in  it,  so  that  its  walls  may  be  in  contact  with  the  food 
on  all  sides,  and,  at  the  same  time,  may  exercise  a  certain  amount  of 
compression  upon  it ;  (2)  to  keep  the  orifices  of  the  stomach  closed  until 
the  food  is  digested ;  and  (3)  to  perform  certain  peristaltic  movements, 
whereby  the  food,  as  it  becomes  chymified,  is  gradually  propelled  toward, 
md  ultimately  through,  the  pylorus.  In  accomplishing  this  latter  end, 
the  movements  without  doubt  materially  contribute  toward  effecting  a 
thorough  intermingling  of  the  food  and  the  gastric  fluid. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  contracted, 
its  orifices  not  more  firmly  than  the  rest  of  its  walls;  but,  if  examined 
shortly  after  the  introduction  of  food,  it  is  found  closely  encircling  its 
oontents,  and  its  orifices  are  firmly  closed  like  sphincters.  The  cardiac 
orifice,  every  time  food  is  swallowed,  opens  to  admit  its  passage  to  the 
•tomach,  and  immediately  again  closes.  The  pyloric  orifice,  during  the 
first  part  of  gastric  digestion,  is  usually  so  completely  closed,  that  even 
when  the  stomach  is  separated  from  the  intestines,  none  of  its  contents 
escape.  But  toward  the  termination  of  the  digestive  process,  the  pylorus 
seems  to  offer  less  resistance  to  the  passage  of  substances  from  the  stom- 
ach; first  it  yields  to  allow  the  successively  digested  portions  go  through 
it;  and  then  it  allows  the  transit  of  even  undigested  substances.  It  ap- 
pears that  food,  so  soon  as  it  enters  the  stomach,  is  subjected  to  a  kind 
of  peristaltic  action  of  the  muscular  coat,  whereby  the  digested  portions 
are  gradually  moved  toward  the  pylorus.  The  movements  were  observed 
to  increase  in  rapidity  as  the  process  of  chymification  advanced,  and  were 
continued  until  it  was  completed. 

The  contraction  of  the  fibres  situated  toward  the  pyloric  end  of  the 
stomach  seems  to  be  more  energetic  and  more  decidedly  peristaltic  than 
those  of  the  cardiac  portion.  Thus,  it  was  found  in  the  case  of  St.  Mar- 
tin, that  when  the  bulb  of  the  thermometer  was  placed  about  three  inches 
from  the  pylorus,  through  the  gastric  fistula,  it  was  tightly  embraced 
from  time  to  time,  and  drawn  toward  the  pyloric  orifice  for  a  distance  of 
three  or  four  inches.  The  object  of  this  movement  appears  to  be,  as 
just  said,  to  carry  the  food  toward  the  pylorus  as  fast  as  it  is  formed  into 
chyme,  and  to  propel  the  chyme  into  the  duodenum;  the  undigested 
portions  of  food  being  kept  back  until  they  are  also  reduced  into  chyme, 
or  until  all  that  is  digestible  has  passed  out.  The  action  of  these  fibres 
is  often  seen  in  the  contracted  state  of  the  pyloric  portion  of  the  stom- 
ach after  death,  when  it  alone  is  contracted  and  firm,  while  the  cardiac 
portion  forms  a  dilated  sac.  Sometimes,  by  a  predominant  action  of 
strong  circular  fibres  placed  between  the  cardia  and  pylorus,  the  two  por- 
tions, or  ends  as  they  are  called,  of  the  stomach,  are  partially  separated 
from  each  other  by  a  kind  of  hour-glass  contraction.  By  means  of  the 
peristaltic  action  of  the  muscular  coats  of  the  stomach,  not  merely  is 
chymified  food  gradually  propelled  through  the  pylorus,  but  a  kind  of 
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doable  current  is  continnally  kept  up  among  the  contents  of  the  stomich, 
the  circumferential  parts  of  the  mass  being  gradually  moved  onwarf 
toward  the  pylorus  by  the  contraction  of  the  muscular  fibres,  while  tlie 
central  portions  are  propelled  in  the  opposite  direction,  namely  toward 
the  cardiac  orifice;  in  this  way  is  kept  up  a  constant  circulation  of  the 
contents  of  the  viscus,  highly  conducive  to  their  free  mixture  with  the 
gastric  fluid  and  to  their  ready  digestion. 

Influence  of  the  Nervous  System.— The  normal  movements  of 
the  stomach  during  gastric  digestion  do  not  appear  to  be  so  closely  con- 


Fif?.  240.— Very  diafljammatic  representation  of  the  nenrea  of  the  alimentary  canal.    Oe  to  Ret, 
the  various  parte  of  the  alimentary  canal  from  oesophagus  to  rectum;  L.  V,  left  ragus,  eading  on 


intestine,  and  from  the  mesenteric  ganf?lia  to  tiie  laree  intestine;  S^.maj.,  large  splanchnic  nerre, 
arisine  from  the  thoracic  ganelia  and  rami  communicantes;  r.c,  bek>ngm^  to  doraal  nmres  fran 
the  (ith  to  tlie  9th  (or  lOth) ;  Spl.min.,  small  splanchnic  nerve  similarly  from  the  10th  and  11th  doml 
nenes.  These  both  join  the  solar  plexus,  and  thence  make  their  way  to  the  alimentary  canal;  cr^ 
iier\'e8  from  the  ganglia,  etc..  belonging  to  11th  and  12th  dorsal  and  Ist  and  2d  lumbar  nerves, 
jtrocet'ding  to  the  inferior  mesenteric  ganglia  (or  plexus),  m.gl.,  and  thence  by  the  hrpocastile 
nerve,  n.hyp.,  and  the  hypogastric  nerve,  n.nvp.,  and  the  hjrpogastric  plexus,  pLhyp.,  to  the  cutmlar 
nm»cles  of  the  rectum  ;  l.r.,  nerves  from  the  2d  and  8d  sacral  nerves,  8.2,  S.8  (nervi  erinotes) 
proceeding  by  the  hypogastric  plexus  to  the  longitudinal  muscles  of  the  rectum.    (M.  Fosterj 

nected  with  the  plexuses  of  nerves  and  ganglia  contained  in  its  walls  as 
was  formerly  supposed.  The  action,  however,  appears  to  be  set  up  by 
the  presence  of  food  within  it.  The  stomach  is,  moreover,  directly  con- 
nected with  the  higher  nerve-centres  by  means  of  branches  of  the  vagi 
and  of  the  splanchnic  nerves  through  the  solar  plexus. 

First  as  to  the  function  of  the  vagi  in  connection  with  the  gastric 
movements.  Irritation  of  these  nerves  produces  contraction  of  the  stom- 
ach, if  digestion  is  proceeding;  and  conversely,  peristaltic  action  is  re- 
tarded, although  it  is  not  stopped,  when  they  are  divided. 
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Seoondtj  as  to  the  other  nerve-fihreSj  which  reach  the  stomach  and 

intestines  through  the  solar  plexus*     These  fibres  pass  from  the  spiDa) 

eord  in  the  anterior  roots  of  the  nerves  from  the  sixth  to  the  twelfth 

donal^  paasiBg  in  the  splanchnic  nerves  to  the  solar  plexus,  and  thence 

to  the  itamiich.     8timiilatiou  of  the  splanchnics  canses  stoppage  of  the 

Buiflcalar  movemeDte  as  well  aa  constriction  of  the  blood-ycsscls. 

It  iMisi0  probable  that  antoroatic  peristaltic  contraction  is  inherent 
in  the  moflciilar  coat  of  the  stomach,  and  that  the  central  nervous  evfitem 
is  only  employed  to  regnlate  it  hy  impulses  passing  down  by  the  vagi  or 
splanchnic  nerves. 

^ext  as  to  the  iufltience  of  the  nerves  on  the  secretion  of  the  gastric 
jnioe.  Bernard,  watching  the  act  of  gastric  digestion  in  dogs  which 
bid  fistnlons  openings  into  their  stomachs,  saw  that  immediately  on  the 
diTiaioii  of  their  vagi  nerves,  the  process  of  digestion  was  stopped,  and 
the  mucous  membrane  of  the  stomach,  previously  turgid  with  blood,  be- 
came pale,  and  ceased  to  secrete  ^  but  although  division  of  both  vagi 
tl^raya  temporarily  suspends  the  secretion  of  gastric  fluid,  and  so  arrests 
tiie  process  of  digestion,  being  occasionally  followed  by  death  from  in- 
ttiitiofi;  jet  the  digestive  powers  of  the  stomach  may  be  completely  re- 
i^oir^  after  the  operation,  and  the  formation  of  chyme  and  the  nutri- 
tioi3  of  the  animal  may  be  carried  on  almo6t  as  perfectly  aa  in  health, 

Bernard  further  found  that  stimulation  of  the  vagi  excited  an  active 
•^i^tion  of  the  fluid  and  that  stimulation  of  the  splanchnic^  caused  a 
I     ditninution  and  even  a  complete  arrest  of  the  secretion. 

Stimulation  of  the  vagi  at  any  rate  produces  an  effect,  besides  peris- 
^l«is  of  the  stomach,  it  causes  dilatation  of  the  blood- vessels  of  the  organ, 
^  otlier  words  acta  aa  a  vaso-dilator  nerve* 

The  influence  of  the  higher  nerve-centres  on  gastric  digestion,  as  in 
^^  eaae  of  mental  emotion,  is  too  well  known  to  need  more  than  a  ref- 

Diges^ian  of  the  Siomach  after  DeatL^li  an  animal  die  during  the  pro- 
^^"••of  gastric  digestion,  and  when,  therefore,  a  quantity  of  gastric  juice 
*•  preeent  in  the  Interior  of  the  stomach,  the  walls  of  this  organ  itself  are 
fr^Njqentlj  themselves  acted  on  by  their  own  secretion,  and  to  such  an 
®*^t€iit  that  a  perforation  of  considerable  size  may  1h?  produced,  and  the 
^ot^tenta  of  the  stomach  may  in  part  escape  into  the  cavity  of  the  abdo- 
''^^ai.  This  phenomenon  is  not  infrequently  observed  in  post-mortem  ex- 
•W*.inations  of  the  human  body.  If  a  rabbit  be  killed  during  a  period 
oF  digestion,  and  afterward  exposed  to  artificial  warmth  to  prevent  its 
^x*3p^nttire  from  falling,  not  only  the  stomach,  but  many  of  the  sur- 

mling  parts  will  be  found  to  have  been  dissolved  (Pavy). 

Prom  these  facts,  it  becomes  an  interesting  question  why,  during 

^  the  stomach  is  free  from  liability  to  injury  from  a  secretion,  which, 
-  •'^^f  death,  ia  capable  of  such  destructive  effects. 
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It  is  only  necessary  to  refer  to  tlie  idea  of  Bernard,  thut  Uje  ijTiag 
stomach  Urids  protection  from  iU  secretion  in  the  presence  of  epitheliiio} 
and  mucng,  which  are  constantly  renewed  in  the  same  dejp^e  that  i\aj 

constantly  dissolved,  in  order  to  remark  that  although  the  gsitrio 
lucus  is  probably  protective,  this  theory^  so  far  as  the  epithtUnm  ii 
concerned,  has  been  disproved  by  experiments  of  Pavy's*  in  which  tbe 
mucons  membrane  of  the  stomachs  of  dogs  was  dissected  off  for  &  ctl  ' 
space,  and,  on  killing  the  animals  some  days  afterward,  no  sign  of  (^..^ 
tion  of  the  stomach  was  visible,  "  Upon  one  occasion,  after  remomf 
the  mucous  membrane^  and  exposing  the  muscular  fibrca  over  a  gp~ 
of  about  an  inch  and  a  half  in  diameter^  the  animal  waa  allowed  to 


W^  SU.— iknerlNuAi^  aerwe-^ 


for  ten  days.  It  ate  food  every  day,  and  seemed  scarcely  affected  by 
the  operation.  Liffi  was  destroyed  while  digestion  was  being  carried  oiii 
and  tjie  lesion  in  the  stomach  was  found  very  nearly  repaired ;  new  Diat- 
ter  lijid  been  deposited  in  the  place  of  what  had  been  removed,  and  the 
denoded  spot  had  contracted  to  much  less  than  its  original  dimensions/' 
Pavy  believes  that  the  natural  alkalinity  of  the  blood,  which  circa* 
lates  so  freely  during  life  in  the  walls  of  the  stomach,  is  suflicient  to 
neutralize  the  acidity  of  the  gastric  juice;  and  as  may  be  gathered  from 
what  has  been  previously  said,  the  neutralization  of  the  acidity  of  the 
gastric  secretion  is  quite  sufficient  to  destroy  its  digestive  powers;  but 
the  experiments  adduced  in  favor  of  this  theory  are  open  to  manyobjec* 
tions,  and  afford  only  a  nepitive  support  to  the  conclusions  they  are  in- 
tended to  prove*  Again,  the  pancreatic  secretion  acta  best  on  proteids 
'ialtne  medium  j  Wt  il  Wft  no  v\i^e.fel\\^  \iv:\.Wti  «\&.  llift  living  in- 
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Mtine.     No  satisfactory  theory  of  the  reason  why  the  stomach  does  not 
ligest  itseU  has  yet  been  suggested. 

Vomiting. 

The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  like  that 
ol  mucus  or  other  matter  from  the  lungs  in  coughing^  is  preceded  by 
«&  inspiration ;  the  glottis  is  then  closed,  and  immediately  afterward  the 
mbdominal  muscles  strongly  act;  but  here  occurs  the  difference  in  the 
two  actions.  Instead  of  the  vocal  cords  yielding  to  the  action  of  the  ab- 
dominal muscles,  they  remain  tightly  closed.  Thus  the  diaphragm  being 
unable  to  go  up,  forms  an  unyielding  surface  against  which  the  stomach 
ean  be  pressed.  In  this  way,  as  well  as  by  its  own  contraction,  the  dia- 
phragm is  fixed,  to  use  a  technical  phrase.  At  the  same  time  the  cardiac 
iphincter-muscle  being  relaxed,  and  the  orifice  which  it  naturally  guards 
being  actively  dilated,  while  the  pylorus  is  closed,  and  the  stomach  itself 
also  contracting,  the  action  of  the  abdominal  muscles,  by  these  means 
assisted,  expels  the  contents  of  the  organ  through  the  oesophagus, 
pharynx,  and  mouth.  The  reversed  peristaltic  action  of  the  oesophagus 
probably  increases  the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite  passive 
daring  vomiting,  and  that  the  expulsion  of  its  contents  is  effected  solely 
by  the  pressure  exerted  upon  it  when  the  capacity  of  the  abtbmen  is  di- 
minished by  the  contraction  of  the  diaphragm,  and  subsequently  of  the 
abdominal  muscles.  The  experiments  and  observations,  however,  which 
are  supposed  to  confirm  this  statement,  only  show  that  the  contraction 
of  the  abdominal  muscles  alone  is  sufficient  to  expel  matters  from  an 
imresisting  bag  through  the  oesophagus;  and  that,  under  very  abnormal 
circumstances,  the  stomach,  by  itself,  cannot  expel  its  contents.  They 
by  no  means  show  that  in  ordinary  vomiting  the  stomach  is  passive; 
and,  on  the  other  hand,  there  are  good  reasons  for  believing  the  contrary. 
'  It  is  true  that  facts  are  wanting  to  demonstrate  with  certainty  this 
action  of  the  stomach  in  vomiting;  but  some  of  the  cases  of  fistulous 
opening  into  the  organ  appear  to  support  the  belief  that  it  does  take 
place;  and  the  analogy  of  the  case  of  the  stomach  with  that  of  the  other 
hollow  viscera,  as  the  rectum  and  bladder,  may  be  also  cited  in  confirm- 
ation. 

The  muscles  concerned  in  the  act  of  vomiting,  are  chiefly  and  pri- 
marily those  of  the  abdomen;  the  diaphragm  also  acts,  but  usually  not  as 
the  muscles  of  the  abdominal  walls  do.  They  contract  and  compress 
the  stomach  more  and  more  toward  the  diaphragm;  and  the  diaphragm 
(which  is  usually  drawn  down  in  the  deep  inspiration  that  precedes  each 
act  of  vomiting)  is  fixed,  and  presents  an  unyielding  surface  against 
which  the  stomach  may  be  pressed.    The  diaphragm  is,  therefore,  as  a 
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rule  passive,  daring  the  actual  expulsion  of  the  contents  of  the  stomach. 
But  there  are  grounds  for  believing  that  sometimes  this  muscle  actlTelj 
contracts,  so  that  the  stomach  is,  so  to  speak,  squeezed  between  ihede- 
scending  diaphragm  and  the  retracting  abdominal  walls. 

Some  persons  possess  the  power  of  vomiting  at  will,  without  applying 
any  undue  irritation  to  the  stomach,  but  simply  by  a  voluntary  effon. 
It  seems  also  that  this  power  may  be  acquired  by  those  who  do  not  ntt. 
urally  possess  it,  and  by  continual  practice  may  become  a  habit.  There 
are  cases  also  of  rare  occurrence  in  which  persons  habitually  swallow 
their  food  hastily,  and  nearly  unmasticated,  and  then  at  their  leisure  r^ 
gurgitate  it,  piece  by  piece,  into  their  mouth,  remasticate,  and  again 
swallow  it,  like  members  of  the  ruminant  order  of  Mammalia. 

The  various  nerve-actions  concerned  in  vomiting  are  governed  by  a 
nerve-centre  situated  in  the  medulla  oblongata. 

The  sensory  nerves  are  the  fifth,  glosso-pharyngeal  and  vagns  prin- 
cipally; but,  as  well,  vomiting  may  occur  from  stimulation  of  sensoir 
nerves  from  many  organs,  e.g.y  kidney,  testicle^  etc.  The  centre  may 
also  be  stimulated  by  impressions  from  the  cerebrum  and  cerebellnm, 
so-called  central  vomiting  occurring  in  disease  of  those  parts.  The 
efferent  impulses  are  carried  by  the  phrenics  and  other  spinal  nerves. 

The  Intestines. 

The  Intestinal  canal  is  divided  into  two  chief  portions,  named  from 
their  differences  in  diameter,  the  small  and  large  intestine  (fig.  217). 
These  are  continuous  with  each  other,  and  communicate  by  means  of 
an  opening  guarded  by  a  valve,  the  ileoccBcal  valve,  which  allows  the 
passage  of  the  products  of  digestion  from  the  small  into  the  large  bowel, 
but  not,  under  ordinary  circumstances,  in  the  opposite  direction. 

The  Small  Intestine. — The  Small  Intestine,  the  average  length 
of  which  in  an  adult  is  about  twenty  feet,  has  been  divided,  for  conven- 
ience of  description,  into  three  portions,  viz.,  the  duodenum,  which  ex- 
tends for  eight  or  ten  inches  beyond  the  pylorus;  the  jejunum,  which, 
forms  two-fifths,  and  the  ileum,  which  forms  three-fifths  of  the  rest  of 
the  civniil. 

Structtire. — The  small  intestine,  like  the  stomach,  is  constructed  of 
four  principal  coats,  viz.,  the  serous,  muscular,  sub-mucous,  and  mucous. 

(1.)  The  .serous  coat  is  formed  by  the  visceral  layer  of  the  perito- 
neum, and  has  the  structure  of  serous  membranes  in  general. 

(2.)  The  muscuJar  coats  consist  of  an  internal  circular  and  an  ex- 
ternal longitudinal  layer:  the  former  is  usually  considerably  the  thicker. 
Both  alike  consist  of  bundles  of  unstriped  muscle  supported  by  con- 
nective tissue.  They  are  well  provided  with  lymphatic  vessels,  which 
form  a  set  distinct  from  those  of  the  mucous  onembrane. 


Jetween   the  two   muscular   coats   is  a  nerve   plexus   (Auerbach'a 

:!xos)  (fig,  241),  similar  in  structure  to  Meissner's  (in  the  submucous 

iue),  but  with  more  numerous  ganglia, 

(3.)  Between  the  mucous  and  muscular  coats  is  the  suhintrous  coat, 

Ifhich  consists  of  connective  tisstie,  in  which  numerous  blood-vessels 

id  lymphatics  ramify,     A  fine  plexus,  consisting  mainly  of  non-medul- 

nerve-fibres,  Meissner^s  plexns,  with  ganglion  cells  at  its  uodeSi 

in  the  submucous  tissue  from  the  stomach  to  the  anus. 

I*)  The  mucous  membrane  is  the  most  important  coat  in  relation  to 

function  of  digestion.     The  following  structures,  which  enter  into 

i  composition,  may  now  be  successively  described: — the  vahmlm  cohhi- 

r  /  the  villi  ;  and  the  glands.    The  general  structure  of  the  mucous 
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Fig.  MSL — Horisotklal  f^^^tioa  of  a   Bmall  rrn^^ruent  of  tJie  mucous  membrane,  includinfc^  otie 
^tre  cnrpt  of  tJeb^rkOiiD  and  portd  ot  several  othem. 

WkL  iOw—Piece  of  small  Jnte«tliie  f  previously  di£t« 
»fr  toe  ihornukl  position  of  the  Talviun  coimWeaiest. 


"Piece  of  small  Jntestbie  f  previously  di^t^nded  mid  h«rdeDed  bj  alcobol),  l&id  open  to 
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■membrane  of  the  intestines  resembles  that  of  the  stomach  (p.  311),  and, 
Hiike  it,  is  lined  on  its  inner  sorfaee  by  columnar  epithelium.     Adenoid 
tissue  (fig.  24^)  enters  largely  into  its  construction;   and  on  its  deep 
surface  is  the  muscularis  mummB  {mm,  fig.  24?),  the  fibres  of  which  are 
arranged  in  two  layers:  the  outer  longitudinal  iind  the  inner  circular. 
Valvulm  Counipentes, — The  valvule  conniventes  {^g.  243)  commence 
I     in  the  duodenum,  about  one  or  two  inches  beyond  the  pylorus,  and 
fc'becoming  larger  and  more  numerous  immediately  beyond  the  entrance 
"of  the  bile  duct,  continue  thickly  arranged  and  well  developed  through- 
out the  jejunum;  then,  gradually  diminishing  in  size  and  number,  they 
cease  near  the  middle  of  the  ileum.     They  are  formed  by  a  doubling 
inward  of  the  mucous  membrane;  the  crescentic,  nearly  circular,  folds 
thus  formed  being  arranged  transversely  to  the  axis  of  the  intestine,  and 
each  individual  fold  seldom  extending  around  more  than  ^  or  J  of  the 
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boweFs  circumfereDoe.  Unlike  the  mgm  in  the  ceaopnagus  and  t^gt^ 
•cb,  thej  do  not  disappear  on  distention  of  the  canal.  Onlj  an  impo* 
feet  notion  of  their  natural  position  and  function  can  be  obtained  hf 
looking  at  them  after  the  intestine  has  been  laid  open  in  the  u^ 
manner.  To  understand  them  aright,  a  piece  of  gut  should  bediBUind^ 
either  with  air  or  alcohol,  and  not  opened  until  the  tissues  haTe  b«cira» 
hardened.  On  then  making  a  section  it  will  be  seen  that,  init«id  of 
disappearing,  thej  stand  out  at  right  angles  to  the  general  sarboe  of 
the  mucous  membrane  (fig.  243),  Their  functions  are  (1)  to  afford  i 
largely  increased  surface  for  secretion  and  absorption,  and  (2)  to  prerett 
the  too  rapid  passage  of  the  Terr  liquid  products  of  gastric  dig^tioQ^ 
immediately  after  their  escape  from  the  stomachy  and  (0)  to  asgi§t  in 
the  more  perfect  mingling  of  the  latter  with  the  secretions  poured  om 
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FTg.  ft44.— Tmnsveree  section  Ihroui^h  ftmr  tTypte  of  LieberktihD  from  the  large  tatntine  of  (h« 
plfT,  Tbcy  ar«»  lineal  by  eolumimr  epitbeJi&l  c^ells,  tne  nuclei  iteinfi:  placed  is  tht^  outer  p«rt  M  tfaa 
cellt,    Tbe  diTixLooA  b«twe«D  the  cellA  ore  seen  cm  Hoes  radJatiofi:  from  l,  the  lumen    '  **-~  - — '^  - 


epitbella]  c«lla,  whtcb  b«ire  become  tnnwfonnetl  inu>  goblet  cel&.     x  i 
F%.94ft.— AglaDd  of  LteberkUhn  fn  lonj^itutlinal  Heciion.    (Brintoo.) 


►f  the  crmt;  ^ 
(Klein  and  Noble  SoilCh) 
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to  act  on  them,  by  their  projection,  and  consequent  interference  witk 
an  uniform  and  untroubled  current  of  the  leteatinal  contents. 

G/tiuds, — The  glands  are  of  three  principal  kinds: — viz.,  those  of  (1| 
Lieberkuhn,  (2)  Bruniier,  and  (:3)  Peyer, 

(1.)  The  glands  or  cry  pis  of  Lu-herkilkn  are  simple  tabular  depre** 
eious  of  the  intestinal  mucous  membrane,  thickly  distributed  over  the 
whole  surface  both  of  the  large  and  small  intestines.  In  the  small  in- 
testine they  are  visible  only  with  the  aid  of  a  lensj  and  their  orificw 
appear  as  minute  dots  acattered  between  the  viUi.  They  are  larger  in 
the  large  intestine,  and  increase  in  size  the  nearer  they  approiioh  the 
anal  end  of  the  intestinal  tube;  and  in  the  rectum  their  orifices  majbe 
visible  to  the  naked  eye.  In  length  they  vary  from  y^  to  ^  of  an 
inch.  Each  tubule  (fig.  245)  is  constructed  of  the  same  essential  part  u 
tiae  intestinal  mucous  membrane,  viz.,  of  a  fine  memhrana  propria^  or 
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lent  membrane^  a  layer  of  columnar  epithelium  lining  it,  many  of 

are  goblet  cells,  and  capillary  blood-vessela  covering  its  exterior, 

tree  surface  of  the  columnar  cells  presenting  a  striated  appearance. 

(2,) — Brunrters  glands  (fig.  i^4?)  are  confined  to  the  duodenum;  they 

re  most  abundant  and  thickly  set  at  its  commencement,  diminish  grad- 

H}j  as  the  duodeunm  advances.     They  are  situated  beneath  the  mus- 

ilaris  mucosae,  imbedded  in  the  eubmucoue  tissue:   each  gland  is  a 

ached   and  convoluted   tube,  lined   with  columnar  epithelium.    As 

fore  said,  in  structure  they  are  very  similar  to  the  pyloric  glands  of 

le  stomach,  and  their  epithelium  undergoes  a  similar  change  during 

cretion;  but  they  are  more  branched  and  convoluted  and  their  ducts 
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Wf.  an— TranBrerae  section  of  injected  Payer's  aUmds  (from  Kdlliker), 
EBB  rrom  a  prvpMtittoQ  made  br  Frejr:  it  repr«seDta  tbo  Hme  capUlaiy'loopM 
k  Uie  surrouzuUog  blood  ▼esselB  Into  tbe  iniertor  of  three  of  Veyer^t  capaules  f mm  Che  Intestliie 


_„  ^ . ,,.„_._,,    The  drawing  was 

» time  capUlai7'loop«a  network  fipreadiii^ 


r  the  rabbit. 


longer.  (Watney,)  The  duct  of  each  gland  passes  through  the 
Dularia  macos«e,  and  opens  on  the  surface  of  the  mucous  membrane. 
(3.)  The  (f lands  of  Peyer  occur  chiefly  but  not  exclusively  in  the 
^mall  intestine.  They  are  found  in  greatest  abundance  in  the  lower 
part  of  the  ileum  near  to  the  ileo-ca?cal  valva  They  are  met  with  in 
two  conditions,  viz.^  either  scattered  singly,  in  which  case  they  are 
termed  qlandults  saUiariw,  or  aggregated  in  groups  varying  from  one  to 
three  inches  in  length,  and  about  half-an-inch  in  width,  chiefly  of  an 
oval  form,  their  long  axis  parallel  with  that  of  the  intestine.  In  this 
state,  they  are  named  glandidw  af/minafcB,  the  groups  being  commonly 
called  Peger's  patches  (iig.  248),  and  almost  always  placed  opposite  the 
attachment  of  the  mesentery.     In  structure,  and  in  function,  there  is 
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no  essential  difference  between  the  solitary  glunds  and  the  indiTitlaal 
bodies  of  which  each  group  or  patch  is  made  up.  They  are  really  amgl* 
or  aggregated  masses  of  adenoid  tissne  forming  lyraph* follicles  iti  tk 
condition  in  which  they  hare  been  Diost  commonly  examined,  eadi 
gland  appears  as  a  circular  opaque-wbite  rounded  body,  from  ^^  to^ 
inch  (I  to  2  nun.)  in  diameter,  ivccording  to  the  degree  in  which  it  ii 
developed.    They  are  principally  contained  in  the  submucous  coat,  bat 

sometimes  project  through  the  mnitcukru 
mncosm  into  the  mucons  membrsiie.  la 
the  agmintite  glands,  each  follicle  reachn 
the  free  surface  of  the  intestine,  umi  i 
covered  with  columnar  epithelium,  Eadi 
gland  18  surrounded  by  the  opening;  of 
Lieberkiihn's  folHcles, 

The  adjacent  glands  of  a  Peyer's  paki 
are  connected  together    by  areolar  tii^at. 
Sometimes  the  lymphoid  tissue  reaches^  rbe 
free  surface,  replacing  the  epithelium,:iiii 
-^ '     the  case  with  some  of  the  lymphoid 
Itis  of  the  tonsil. 
Peyer's  glands  are  surrounded  bv  Irm- 
phatic  sinuses  which  do  not  |)enetrate  iiuo 
their  interior;    the    interior    is,  however, 
traversed  by  a  very  rich    blood   capillary 
plexus.     If  the  vermiform  appendix  of  a 
rabbit,  which   consists   largely  of  Peyers 
glands,  be  injected  with  blue  by  pressing 
the  point  of  a  fine  syringe  into  one  of  the 
lymphatic  sinnses,  the  Peyer's  glands  will 
appear  as  grayish  white  spaces  surronnded 
by  blue;  if  now  the  arteries  of  the  same  be 
injected  with  red,  the  grayish  patches  will 
change  to  red,  thus  proving  that  they  are 
surrounded  by  lymphatic  spixees  but  pene- 
truted  by  blood-vessels.     The  lacteals  passing  out  of  the  villi  communi- 
cate with  the  lympli  sinuses  round  Peyer's  glands.     It  is  to  be  noted 
that  Peyers  patches  are  largest  and  most  prominent  in  children  and 
young  persons. 

Ft//h— The  Villi  (figs.  247,  249,  and  250)  are  confined  exclusively  t» 
the  mucous  membrane  of  the  small  intestine.  They  are  minute  vaseo* 
lar  processes,  from  a  line  -^^  to  |  of  an  inch  (.5  to  3  ram.)  in  length* 
covering  the  surface  of  the  mucous  membrane,  and  giving  it  a  peculiar 
velvety,  fleecy  appearance.  Krause  estimates  them  at  fifty  to  nioely 
in  number  in  a  square  line  at  the  upper  part  of  the  small  intestine,  and 


Fig.  917,— Vertical  section  of  du- 
odenum, ■bowing  (I.  Tflli;  b,  crypts 
of    Lieberkfttin,  aad  c,  Bmnner's 

f lands  In  the  nubniucosa  ji,  with 
uets,  d  ;  mu9ciiLaria  mucoeae.  m : 
and  circular  niujcular  coat  /, 
(BchoaeldJ 
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lloriy  to  seventy  in  the  same  urea  at  the  lower  part,     Thej  vary  in 

ewen  in  the  same  animal,  and  diHer  according  as  the  lymphatic 

Esls  or  Incleah  which  they  contain  are  empty  or  full;  being  usnally, 

the  former  case,  flat  and  pointed  at  their  summits,  in  the  latter  cylin- 

ical  or  clavate. 

Each  villus  consists  of  a  small  projection  of  mucous  membrane;  its 

arior  is  supported  throughout  by  fine  adenoid  tissue,  which  forms 

framework  or  stroma  in  which  the  other  constituents  are  contained. 

The  surface  of  the  villus  is  clothed  by  columnar  epithelium^  which 

ion  a  fine  basement  membrane;  while  within  this  are  found,  reck- 

Ig  from  without  inward,  blood-vessels,  fibres  of  the  mHscularis  mu' 

•IF,  and  a  single  lymphatic  or  lacteal  vessel  mrely  looped  or  branched 

250). 

The  epithelium  is  continuous  with  that  lining  the  other  parts  of  the 


Flg^,  948.— Ajitrmtnate  foUicles,  or  l*e>'er's  patch,  ita  the  stale  of  diftlention.     x  5.     (Boehtn.) 


iDcons  membrane.  The  cells  arc  arranged  with  their  long  axis  radiat- 
g  from  the  surface  of  the  villus  {fig.  247),  and  their  smaller  ends 
resting  on  the  basement  membrane.  The  free  surface  of  the  epithelial 
cells  of  the  villi^  like  that  of  the  cells  which  cover  the  general  surface 
of  the  mucous  membrane,  is  covered  by  a  fine  border  which  exhibits  very 
delicate  atriations,  whence  it  derives  its  m\m%  si riaied  ktsilar  border. 

Beneath  the  basement  or  limiting  membrane  there  is  a  rich  supply  of 
blood'VeHHeh,  Two  or  more  minute  arteries  are  distributed  within  each 
villus;  and  from  their  capillaries,  which  form  a  dense  network,  proceed 
one  or  two  small  veins,  which  pass  out  at  tlie  base  of  the  villus. 

The  layer  of  the  mitj^rnltiris  mucoHm  m  the  villus  forms  a  kind  of 
thin  hollow"  cone  immcdijitely  around  the  central  lacteal,  and  is,  there- 
fore, situated  beneath  the  blood- vessels.     It  is  without  doubt  instru- 
I     mental  in  the  propulsion  of  chyle  along  the  lacteal. 
^L     The  lacteal  veasd  in  each  villus  is  the  form  of  commencement  of  the 
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fympbalie  tjrmlen  of  rmads  *  m  the  iDteslines.  It  begins  almoit  &tt 
lip  of  thm  tilliM  cominaDlj  b;  a  dilated  extremity.  Id  the  krger } 
there  may  be  two  enall  faM^l  remels  which  join  on  (fig.  250).'or  tbe 
kcteala  may  fem  a  kind  of  network  in  the  rillue.  The  last  metbod 
fa  nunety  or  nerer  aeen  in  the  human  subject,  although  common  m  mm 
of  the  lower  aoimuls  (a,  fig.  2(50), 

The  Large  Intestine. ^ — The  Large  Iniestijie,  which  in  an  atlaJt 
ia  from  nbout  4  to  G  feet  long^  is  subdiviJed  for  deecriptiTC  purpo^ 
into  three  portiona*  via.: — the  cmcum^  a  short  wide  pouch,  c(»intutini- 
eating  with  the  lower  end  of  the  small  iuteatine  through  an  openini, 
guarded  by  the  iho-emcai  ralve;  the  cuhn^  continuous  with  the  cscnsi, 
which  forms  the  principal  part  of  the  large  intestine,  sind  is  diridd 
into  ascending,  transverse,  and  descending  portions;  and  the  nrhut, 
which^  after  dilating  at  its  lower  part^  again  contmctSj  and  immi^^v 


Fi(f.  !^fO— Vertical  aectioa  of  a  Tniu*  of  th*  imiAlI 
of  Mk*  <^|>tthi'HiHu;  b,  oolumoar  epUhellum :  r.  Ktifalet  r 
culiir  llDt>»;  /,  (biJcnoJd  strooiAof  tb«  vUlua  in  which  \\ 


r  n  CAT.    a,  fltrtA£«d  bttfiiiAr  border 
nil  l>  mph  vessel ;  e,  sxifioCJl  ibs»> 
ii-.^.*Je»  he.     (TDein.^ 


tttely  afterward  opens  externally  through  the  anu».     Attached  lo  xbe 
cncum  is  the  email  appendix  vermiformis. 

Sfntriure, ^Like  the  small  intestine,  the  large  intestine  is  con- 
st ructetl  of  four  principal  coats,  viz.,  the  serous,  muscular,  sub-mucoU8 
and  niucoufl.  The  serous  coat  need  not  be  here  particularly  described. 
C'onnected  with  it  are  the  small  processes  of  j>entoneum  containing 
fat,  called  appendirvH  vpipkncw.  The  libres  of  the  mnmular  eoat^  like  those 
of  the  small  intestine,  are  arranged  in  two  layers— the  outer  longitudinaL 
the  inner  circular.  In  the  ca}eumand  colon,  the  longitudinal  fibres,  be* 
sides  being,  31s  in  the  snndl  intestine,  thinly  disposed  in  all  parts  of  the  wall 
of  the  bowol,  are  collected,  for  the  most  part,  into  three  strong  bauda, 
wliich,  being  shorter,  from  end  to  end,  than  the  other  coats  of  the  in- 
tes^tine,  hold  the  canal  in  folds,  bounding  intermediate  sacculi.  On  the 
division  of  these  bands,  the  intestine  can  be  drawn  out  to  its  full  length, 

«  fbr  ftn  Acooumt  of  the  Lymphatic  System,  see  Chapter  IX. 
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it  then  assumes,  of  coiiree,  an  imifornily  rylindrical  form.     In  the 

stiiin»  the  faf^ciculi  of  theee  longitudinal  hand^  spread  out  and  mingle 

rith  the  other  longitudinal  fibres,  forming  with  them  a  thicker  layer  of 

than  exists  on  any  other  part  of  the  intestinal  canal.     The  circa- 

mnscmlar  fibres  are  spread  over  the  whole  surface  of  the  bowel,  but 

somewhat   more   marked    in    the    intervals    between   the  sacculi. 

Poward  the  lower  end  of  the  rectum  ihey  become  more  numerous,  and 

the  anus  they  form  a  strong  baud  called  the  infer ftal  upkiftcter  muscle. 

The  mucous  memhrane  of  the  large,  like  that  of  the  small  intestine. 


7  ^^ 


t'M 


Fig.  S80i— A,  VifhtMofahcrp.     U.  Villi  vf  man.    (Sllglitly  oUert-d  froin  Telchnmnii.) 

18  lined  throughout  by  columnar  epithelium,  but,  unlike  it,  is  quite  des- 
titute of  villi,  and  is  not  projected  in  the  form  of  vahntim  connwentes* 
Its  general  microscopic  structure  resembles  that  of  the  small  intestine; 
and  it  is  bounded  beloiiv  by  the  museuJari^  mucfrnfr, 
I  The  general  arrangement  of  ganglia  and  nerve-fibres  in  the  large 
intestine  resembles  that  in  the  small, 

Glandft, — The  glands  with  whieli  the  large  intestine  is  provided  are 
of  two  kinds,  (1)  the  iubultir  and  {"Z)  the  li/mpJimd, 

(1.)  The  tubular  glands,  or  glands  of  Lieberkuhn,  resemble  those 
of  the  small  intestine,  but  ore  somewliiit  larger  and  more  numerous. 
They  are  also  more  uniformly  distributed. 
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(2.)  Follicles  of  adenoid  or  lymphoid  tissne  are  most  numerous  ia 
the  ca&cum  and  vermifomi  appendix.  They  resemble  in  shape  wd 
structnrey  almost  exactly,  the  solitary  glands  of  the  small  InteBtoKL 
Peyer's  patches  are  not  found  in  the  large  intestine. 

lleo^cBcal  Valve. — The  ileo-csecal  valye  is  situate  at  the  place  of 
junction  of  the  small  with  the  large  intestine,  and  guards  against  anj 
reflux  of  the  contents  of  the  latter  into  the  ileum.  It  is  compoeedof 
two  semilunar  folds  of  mucous  membrane.  JSach  fold  is  formed  bji 
doubling  inward  of  the  mucous  membrane,  and  is  strengthened  on  the 
outside  by  some  of  the  circular  muscular  fibres  of  the  intestine,  whicl 
arc  contained  between  the  outer  surfaces  of  the  two  layers  of  which  each 
fold  is  composed.  While  the  circular  muscular  fibres^  however,  of  the 
bowel  at  the  junction  of  the  ileum  with  the  caecum  are  contained  l)^ 
tween  the  outer  opposed  surfaces  of  the  folds  of  mucous  membrane 
which  form  the  Talve,  the  longitudinal  muscular  fibres  and  the  peri- 
toneum of  the  small  and  large  intestine  respectively  are  continuoQi 
with  each  other,  without  dipping  in  to  follow  the  circular  fibres  and  the 
mucous  membrane.  In  this  manner,  therefore,  the  folding  inward  of 
these  two  last-named  structures  is  preserved,  while  on  the  other  hand, 
by  dividing  the  longitudinal  muscular  fibres  and  the  peritoneum,  the 
valve  can  be  made  to  disappear,  just  as  the  constrictions  between  the 
sacculi  of  the  large  intestine  can  be  made  to  disappear  by  performing  a 
similar  operation.  The  inner  surface  of  the  folds  is  smooth;  the 
mucous  membrane  of  the  ileum  being  continuous  with  that  of  the  caBCum. 
That  surface  of  each  fold  which  looks  toward  the  small  intestine  is 
covered  with  villi,  while  that  which  looks  to  the  caecum  has  none. 
When  the  caecum  is  distended,  the  margin  of  the  folds  are  stretched, 
and  thus  are  brought  into  firm  apposition  one  with  the  other. 

Digestion  in  the  Intestines. 

After  the  food  has  been  duly  acted  upon  by  the  gastric  juice,  such  of 
it  as  has  not  been  absorbed  passes  into  the  duodenum,  and  is  there 
subjected  to  the  action  of  the  secretions  of  the  pancreas  and  liver  which 
enter  that  i)ortion  of  the  small  intestine,  as  well  as  to  the  secretion 
(succus  entericus)  which  is  poured  out  into  the  intestines  from  the  glands 
lining  them. 

The  Pancreas,  and  its  Secretion. 

The  Pancreas  is  situated  within  the  curve  formed  by  the  duo- 
denum; and  its  main  duct  opens  into  that  part  of  the  small  intestine, 
through  a  small  opening,  o^4hrough  a  duct  common  to  it  and  to  the 
livor,  about  two  and  a  half  inches  from  the  pylorus. 

Structure, — In  structure  the  pancreas  bears  some  resemblance  to  the 
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glandfi,     ltd  capsale  and  septa,  as  well  as  the  blood-yessels  and 

tiaticg,  are  eimikrly  distributed.  It  is,  however,  looser  and  softor, 
lie  lobea  and  lobules  being  less  compactly  arranged.  The  main  duct 
iTides  into  bmnrihea  (lobar  ducts),  one  for  each  lobe^and  these  branches 
ibdivide  into  intm-lobular  duets,  and  these  again  by  their  division 
111  branching  form  the  gland  tissue  proper.  The  intralobar  duets 
Brrespond  to  a  lobule,  while  between  them  and  the  secreting  tubes  or 
/t  are  longer  or  shorter  inlenrndiarj/  ducts.  The  larger  ducts 
a  Tery  distinct  lumen  and  a  membrana  propria  lined  with 
Mamnar  epithelium,  the  cells  of  which  are  longitudinally  striated,  but 
shorter  than  those  found  in  the  duets  of  the  salivary  glands,  In  the 
itrulobular  dncts  the  epithelium  is  short  and  the  lumen  is  smaller. 
be  intermediary  ducts  opening  into  the  alveoli  possess  a  distinct  lumen^ 


Tig  251,— SectioD  of  the  pAocreiuiof  a  tlosr  during-  dige«tloii.  a,  alveoU  lined  with  cell»,  the 
liter  xoo«  of  which  to  well  stoJned  with  hienrntoxyUti;  d^  iat/ermtidimy  du&i  lined  with  flqumnouA 
llUieanm.     X  550.    (KJeiti  luid  Noble  tjmlthj 


rith  a  membrana  propria  lined  with  a  single  layer  of  flattened  elongated 

Mb.     The  alveoli  are  branched  and  convoluted  tubes,  with  a  membrana 

propria  lined  with  a  single  layer  of  columnar   cells.     They  have  no 

(distinct  lumen,  the  centre  portion  of  the  tube  being  occupied  by  fusi- 
Ibriii  or  branched  cells.  Heidenhain  has  observed  that  the  alveolar 
lells  in  the  pancreas  of  a  fasting  dog  consist  of  two  zones,  an  inner  or 
ientral  zone  which  is  finely  granular,  and  which  stains  feebly,  and  a 
smaller  parietal  zone  of  finely  striated  protoplasm  which  stains  easily. 
The  nucleus  is  partly  in  one,  partly  in  the  other  zone.  During  digestion, 
it  is  found  that  the  outer  zone  increases  in  size,  and  the  centnd  zone 
^diminishes;  the  cell  itself  becoming  smaller  from  the  discharge  of  the 
^^cretion.  At  the  end  of  digestion  the  first  condition  again  appears,  the 
inner  zone  enlarging  at  the  expense  of  the  outer.  It  appears  that  the 
grannies  are  formed  by  and  stored  up  in  the  protoplasm  of  the  cells,  from 
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material  supplied  to  it  bj  the  blood*  The  granales  iire  thoaght  to 
Gonmst  of  mateml  from  whieh^  aoder  certain  conditions^  the  temeQts 
of  the  gland  are  developed,  and  which  is  therefore  called  Zyru/j^en.  la 
addition  to  the  ordinary  alveoli  of  the  pancreas  there  are  found  diftri- 
bated  irregularly  in  the  gland  other  collectiuns  of  colls  of  a  difftmit 
character.  They  are  coDsiderably  amaller^  tbeir  protoplasm  U  in 
grannlar,  and  is  less  easily  stained  with  hsematoxylio,  and  their  nuclei 
are  small  and  deeply  staining,  being  sitnated  also  more  towtird  \U 
centre  of  the  cells.  The  collections  of  cells  vary  in  eize  and  shape^aoj 
sometimes  seem  to  be  mere  masses  of  protoplasm  with  nnelei  nndiferiD- 
ttated  into  cells.  These  nests  of  ceils  are  sometimes  seen  to  coMiitoJ 
distinct  columns  of  oella.  No  distinct  basement  membmne,  hoirfter, 
can  be  made  out  as  bounding  these  colamns.  The  special  form  of  nmt 
terminations; called  PaHntan  t4)rpusvle^,tiTe  often  found  in  the  pancrew, 


>^^. 
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The  Pancreatic  Juice.— The  secretion  of  the  pancreas  has  been 
obtained  for  purposes  of  experiment  from  the  lower  animals,  especially 
the  dog,  by  opening  the  abdomen  and  exposing  the  dnct  of  the  gknd, 
which  is  then  made  to  communicate  with  the  exterior,  A  pancreatic 
fistula  is  thus  established. 

An  extract  of  pancreas  made  from  the  gland  which  has  been  remoTed 
from  an  animal  killed  during  digestion  possesses  the  active  proportiea 
pancreatic  secretion.  It  is  made  by  first  dehydrating  the  gland,  cut  up 
into  small  pieces,  by  keeping  it  for  some  days  in  absolate  alcohol,  aad 
then,  after  the  entire  remo%*al  of  the  alcohol,  by  pounding  up  tbeae 
pieces  into  a  pulpy  mass  and  placing  it  in  strong  glycerin.  A  glyceria 
extract  is  thus  obtained.  It  is  a  remarkable  fact,  however,  that  the 
amount  of  the  ferment  trypsin  greatly  increases  if  the  gland  be  exposed 
to  the  air  for  twenty-four  hours  before  placing  in  alcohol;  indeed.,  a 
glycerin  extract  made  from  the  gland  immediately  upon  the  removal 
from  the  body  often  appears  to  contain  none  of  the  ferments.    This 
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IB  to  indicate  that  the  conversion  of  zymogen  in  the  gland  ino  the 

iwineiit  only  takes  place  daring  the  act  of  secretion,  and  that  the  gland, 

•Khough  it  always  contains  in  its  cells  the  materials  (trypsinogen)  out 

"  tf  whioh  trypsin  is  formed,  yet  the  conversion  of  the  one  into  the 

oClier  only  takes  place  by  degrees.     Dilute  acid  appears  to  assist  and 

f^aoodenite  the  conversion,  and  if  a  recent  pancreas  be  rubbed  up  with 

^,  flDate  acid  before  dehydration,  a  glycerin  extract  made  afterward,  even 

^I'lhongh  the  gland  may  have  been  only  recently  removed  from  the  body, 

"•  1i  Teiy  active. 

I       Mmny  other  vehicles  may  be  employed  instead  of  glycerin,  e,g.y  brine, 
^  chloroform,  water,  dilute  methylated  spirit  acidulated  with  acetic  acid. 

Properties. — Pancreatic  juice  is  colorless,  transparent,  and  slightly 

^'  fiKid,  alkaline  in  reaction.    It  varies  in  specific  gravity  from  1010  to 

*  ]015«  according  as  it  is  obtained  from  a  permanent  fistula — then  more 

wmtery— or  from  a  newly-opened  duct.    The  solids  vary  in  a  temporary 

flatala  from  80  to  100  parts  per  thousand,  and  in  a  permanent  one  from 

16  to  50  per  thousand. 

Chemical  CoMPOsrnoN  of  the  Pancreatic  Juice. 
From  a  permanent  fistula.     (Bernstein. ) 

Water 975 

Solids— Ferments  (including  trypsin,  amylopein,  rennet, 
and  steapsin)  : 
Proteids,  including  Serum  Albumin  and  ) 

Casein \      ^'^ 

Leucin  and  Tyrosin ;  Fats  and  Soaps  .       ) 
Inorganic    residue,    especially    Sodium  \        8 
Carbonate f  25 

1000 

Functions. — (1.)  By  the  aid  of  its  proteolytic  ferment,  trypsiriy  it 
oonverta  proteids  ifUo  peptones,  the  intermediate  products  being  almost 
the  same  as  in  the  case  of  gastric  digestion,  with  the  exception  that  the 
initial  change  does  not  produce  syntonin  or  acid-albumin  as  in  gastric 
digestion,  but  alkali-albumin.  Of  the  final  products,  hemi-  and  anti- 
peptone,  the  hemipeptone  is  capable  of  being  converted  by  (?)  the 
action  of  the  pancreatic  ferment  into  leucin  or  amido-caproic  acid 
(CcHisN02)  and  tyrosin*  or  amido-oxyphenyl-propionic  acid  (CjHnNOs), 
but  is  not  so  charged  by  pepsin :  the  antipeptone  cannot  be  further  split 
up  by  the  pancreatic  juice.  The  products  of  pancreatic  digestion  are 
sometimes  further  complicated  by  the  appearance  in  a  pancreatic  diges- 
tive fluid  of  certain  fs&cal  substances  of  which  indol  (CsHaN),  skatol 
(C$H,§ii) 9  phenol  (G«H«N)and  napthilaminetkTQ  the  most  important. 

*  Propionic  acid,  Q%11%0% ;  in  which  one  II  is  replaced  by  the  radicle 
ozyphenyl,  CtHiOH,  and  a  second  H,  by  amidogen  NH,.  Thus  CH^  (NH,) 
C.H«6h.  O.  =  CHnNO,. 
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These  further  products  are  produced  by  the  presence  of  nnmeroug 
micrf^jrgani*m4s  of  the  intestines. 

All  the  albuminous  or  proteid  substances  which  have  not  been  con- 
Terted  into  peptone  and  absorbed  in  the  stomach,  and  the  partiallj 
changed  substances^  i>.,  the  proteoses  may  be  converted  mto  peptone 
by  the  pancreatic  juice,  and  then  in  part  into  leucin  and  tyrosin. 

The  action  of  the  pancreatic  juice  upon  the  gelcUins,  or  nitrogenom 
bodies  other  than  proteids,  is  not  so  distinct.  Mncin  can,  howcTer,  be 
dissoked,  but  not  keratin  in  homy  tissues.  Gelatin  itself  is  formed  into 
peptone  (geladn-pepfone).  The  ferment  trypsin  acts  best  in  an  alb> 
line  medium,  and  is  by  far  the  most  active  of  the  pancreatic  ferments 
It  is  more  powerful  than  pepsin  in  its  action  both  on  proteidsaod 
gelatins. 

(2.)  Starch  is  converted  into  maltose  and  then  into  glucose  in  an 
exactly  similar  manner  to  that  which  happens  with  the  saliva;  erythro- 
and  achroo-dextrine  being  intermediate  products.  If  the  sugar  which  ii 
at  first  formed  is  maltose,  the  ferment  of  the  pancreatic  juice  after  a 
time  completes  the  whole  change  of  starch  into  glucose.  This  distinct 
amylolytic  ferment  in  the  pancreatic  juice  which  cannot  be  distinguished 
from  ptyaline,  is  called  Amylopsin. 

(3.)  Pancreatic  juice  possesses  the  property  of  curdling  milk,  con- 
taining a  special  (rennet)  ferment  for  that  purpose.  The  ferment  is 
distinct  from  trypsin,  and  will  act  in  the  presence  of  an  acid  (W. 
Roberts).  It  is  best  extracted  by  brine.  The  milk-curdling  ferment  of 
the  pancreas  is,  in  some  pancreatic  extracts,  extremely  powerful,  inso- 
much that  I  cc.  of  a  brine  extract  will  coagulate  50  cc.  of  milk  in  a 
minute  or  two. 

(4.)  Oils  and  fats  are  emulsiHed  and  saponified  by  pancreatic  secre- 
tion. The  terms  emulsification  and  saponification  may  need  a  little  ex- 
planation. The  former  is  used  to  signify  an  important  mechanical 
change  in  oils  or  fats,  whereby  they  are  made  into  an  emulsion,  or  in 
other  words  are  minutely  subdivided  into  small  particles.  If  a  small 
drop  of  an  emulsion  be  looked  at  under  the  microscope  it  will  be  seen 
to  be  made  up  of  an  immense  number  of  minute  rounded  particles  of 
oil  or  fat,  of  varying  sizes.  The  more  complete  the  emulsion  the  smaller 
are  these  particles.  An  emulsion  is  formed  at  once  if  oil  or  fat,  which 
nearly  always  is  slightly  acid  from  the  presence  of  free  fatty  acid,  is 
mixed  with  an  alkaline  solution.  Saponification  signifies  a  distinct 
chemical  change  in  the  composition  of  oils  and  fats.  An  oil  or  a  fat  be- 
ing made  up  chemically  of  gli/cerin,  a  triatomic  alcohol,  and  one  or  more 
fatty  acid  radicles,  when  an  alkali  is  added  to  it,  and  heat  is  applied, 
two  changes  take  place:  firstly,  the  oil  or  fat  is  split  up  into  glycerin, 
and  its  corresponding  fatty  acid;  secondly,  the  fatty  acid  combines  with 
the  alkali,  to  form  a  soap  which  is  chemically  known  as  stearate,  oleate, 
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or  palmitate  of  potassium  or  sodium.    Thus  saponitication  means  a 

chemical  splitting  up  of  oils  or  fats  into  new  compounds,  and  omulsifi- 

ttfttion  means  merely  a  mechanical  splitting  of  them  up  into  minute  par- 

The  pancreatic  juice  has  been  for  many  years  credited  with  the 

sion  of  a  special  ferment,  which  was  called  by  Claude  Bernard 

steapsin,  and  which  was  supposed  to  aid  in  one  or  both  of  these  pro- 

ewoo.     It  appears  very  doubtful,  however,  if  the  mechanical  splitting 

,' .  up  of  fats  by  the  alkaline  pancreatic  juice  is  a  ferment  action  at  all, 

!  mad  as  regards  the  chemical  action  it  has  been  recently  shown  that  only 

J   the  pancreatic  juices  of  certain  animals  have  any  power  in  this  direction 

0f  a  ferment  character,  and  that  even  in  these  cases  the  ferment  is  only 

present  in  the  fresh  juice  or  gland,  and  that  the  presence  of  alcohol  or 

other  hardening  agent  for  the  latter  entirely  destroys  its  action. 

I  Several  cases  have  been  recorded  in  which  the  pancreatic  duct  being  ob- 

^  elnicted,  so  that  its  secretion  could  not  be  discharged,  fatty  or  oily  matter  was 
:.  abmidantly  discharged  from  the  intestines.  In  nearly  all  these  cases,  indeed, 
the  liver  was  coincidentally  diseased,  and  the  change  or  absence  of  the  bile 
might  appear  to  contribute  to  the  result ;  yet  the  frequency  of  extensive  dis- 
eeae  of  the  liver,  unaccompanied  by  fatty  discharges  from  the  intestines,  favors 
tfie  view  that,  in  theee  cases,  it  is  to  the  absence  of  the  pancreatic  fluid  from 
the  intestines  that  the  excretion  or  non-absorption  of  fatty  matter  should  be 
aecribed. 

Conditions  favorable  to  the  Action. — These  are  almost  precisely  sim- 
ihur  to  those  which  have  been  mentioned  as  favorable  to  the  action  of 
the  saliva,  and  the  reverse.  The  secretion  of  the  pancreatic  juice  ap- 
pears to  be,  at  any  rate  in  some  animals,  e.g.j  the  rabbit  and  dog,  almost 
continuous;  the  flow,  however,  is  not  uniform,  the  amount  increases 
immediately  after  taking  food,  and  the  maximum  amount  occurs  two  or 
four  hours  after,  but  again  between  the  fifth  and  sixth  hour  increases 
somewhat.  The  nervous  mechanism  of  pancreatic  secretion  is  not  at 
present  understood,  and  the  endings  of  its  nerve-fibres  from  the  splanch- 
nics  and  right  vagus  nerves  in  all  probability,  through  the  solar  plexus, 
have  not  been  demonstrated  in  the  gland  cells.  Increased  flow  of  secre- 
tion will  occur  on  stimulation  of  the  spinal  cord  or  bulb,  or  of  the  gland 
itself,  even  after  division  of  the  vagus.  Stimulation  of  the  central  end 
of  the  divided  vagus  will  inhibit  the  secretion,  and  a  similar  effect  is 
produced  on  stimulation  of  other  afferent  nerves.  It  seems  highly  prob- 
able^ therefore,  that  there  is  a  central  mechanism  for  the  regulation  of 
the  secretion  of  the  pancreas  similar  to  that  which  exists  for  the  sali- 
vary glands,  but  the  nerves  which  pass  to  and  from  the  centre  and  the 
position  of  the  centre  itself  have  not  yet  been  demonstrated.  The 
gland  will  continue  to  secrete  after  the  section  of  all  of  its  nerves,  and 
in  this  respect  is  said  to  differ  from  the  salivary  glands.  The  secretion 
appears  to  be  called  forth  on  the  introduction  of  food  into  the  stomach, 
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whm  the  MiMini  iiirlii  pi  tbe  ghmd  become  much  dilated,  and  the  k. 
wm  have  w&o,  for  numj  hours  after  a  meal;  indid, 
Tlie  fTOBBJ^  of  the  aecrelion  i&  Dot  so  great  uhy 

tim  cam  of  tha  slmiy  gjuda;  the  autxiiDiiiii  praaaore  in  the  da 

aaid  not  te  eieaed  17  auil  of  na^r^iifx. 

Tbe  amouil  of  megwtium  per  diem  u  approximately  estinmied  to  bt 

The  Ltteb, 

The  Lnrer,  tbe  buseal  gland  in  the  bodj,  sttnated  in  the  abd« 
cm  the  ri^t  ade  diiefijt  ia  an  extremely  Taacnlar  organ,  and  mioi 
tta  mjfftj  of  blood  f^om  two  distinct  eourcee,  Tix.,  from  the  pofialt  ^ 
and  from  the  kepaik  artery ^  while  the  blood  u  returned  from  it  intotU 


ng.  SSa— Theuoder  9iiifiu3eortli«liTer.  a.  b.,  Kma-bladd«>r:  n.  D.^cominoDbfteHliict;  a,  a-^Ib- 
atic  Artery;  r.  r  .  por^y  T«te:  i*  q.,  lobalus  qiUMlrsuis;  l.  ■.,  ktbolus  ipaivtii;  u  cu  lolniln  CMtt^ 
tui:  Ik,  ¥..  diadiw  wkmu;  r.  t..  ombilical  Tcia.    O^obte  BmilJiJ 

Tena  cava  inferior  bj  the  hepatic  t*etns.  Its  secretion,  the  hih,  in  coti> 
veyed  from  it  by  the  hepatic  ducty  either  directly  into  the  intestine,  or, 
when  digestion  is  not  going  on,  into  the  cii$tic  duct,  and  thenoe  into 
the  giill-bliidder,  where  it  acctimnlatea  until  required.  The  portal  vein, 
hepjitic  artery,  and  hepatic  dnct  branch  together  throughout  the  lim, 
while  the  hepatic  Teins  and  their  tributariea  run  by  themaelTes. 

On  the  ontBide,  the  liver  has  an  incomplete  covering  of  peritoneum^ 
and  beneath  this  is  a  very  fine  coat  of  iireolar  tissue,  continuous  over 
the  whole  snrface  of  the  organ.  It  is  thickest  where  the  peritoneBin  is 
absent,  and  is  continuous  on  the  general  surface  of  the  liver  with  the 
fine  and,  in  the  human  subject*  almost  imperceptible  areolar  tissue  in- 
vesting the  lobules.  At  the  transverse  fissure  it  is  merged  in  the  areolar 
investment  called  Glisson'e  capsule,  which,  sarrounding  the  portal  vein, 
hepatic  artery,  and  hepatic  duct,  as  they  enter  at  this  part,  accompanies 
them  in  their  branches  through  the  substance  of  the  liver. 
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Struclure, — The  liver  is  made  up  of  small  roandish  or  oval  portions 
lied  lobiiieif,  each  of  which  is  tibout  jV  ^^  ^^  ^^^^^  (about  1  mm.)  in 
leter,  and  composed  of  the  minute  branches  of  the  portal  vein>  he- 
iic  artery,  hepatic  duct,  and  hepatic  vein ;  while  the  interstices  of  these 


ftf,  &•,— A-  LiTer-ctflli.    B,  Ditto,  contaLning  Tsrloiis^iiied  particles  of  fat 

els  are  filled  by  the  liver  cells.  The  hepatic  cells  (fig.  254),  which 
jform  the  ghuidular  or  secreting  part  of  the  liver,  are  of  a  spheroidjil 
form,  somewhat  polygonal  from  mutual  pressure  about  ^  to  -^lAnr  i^^li 
[(about  ^j  to  ^  mm.)  in  diameter,  possessing  one, sometimes  two  nuclei. 
FThe  eel  I -substance  contains  numerous  fatty  molecules,  and  possibly  some 
I  granules  of  bile-pigment^   as  well  as  a  variable  amount  of  glycogen. 


ill 


M'Xr 


Tl^.  85S.  -Loni^tiulfiuiJ  section  of  a  portal  canal,  i?ontaJnfTijr  a  portal  v^\n,  hepatle  srteiy  and 
paiic  dQCt^  from  the  pi^  i*.  I>ntnch  >^(  venn  ifiHiv,  situate  in  a  (>artal  cAtial  fanned  amongr  iho 
■uJnl^a  of  the  llTer,  I,  I,  and  gtvlnx  off  "pa^nal  hraiicht'ii;  iher^  mrv  alno  neeo  within  the  lance  portal 
vdn  Dumerona  orifloee  of  the  sroaUest  inter  lobular  veins  arLaia^  dlrecily  from  It;  a,  bepaUc  arteiy; 
d,  hepatic  duct.    >:  5.    d^lernaa.) 

'The  cells  sometimea  exhibit  slow  amopboid  movements.     They  are  held 
together  by  a  very  delicate  sustentacular  tissue,  continuous  with  the  in 
_terlobular  connective  tissue. 

To  understand  the  distribution  of  the  blood-vessels  in  the  liver,  it 
[  irill  be  well  to  trace,  first,  the  two  blood-vessels  and  the  duct  which  enter 
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th©  organ  on  the  under  surface  at  the  transverse  fissare,  tiz.,  th* 
vein,  hepatic  artery^  and  hepatic  duct.     As   before  reinarked,  ai 
run  in  company,  and  their  appearance  on  longitudinal  section  h  sboti 
in  fig.  255.     Running  together  through  the  substance  of  the  hverj 
are  cont^iined  in  small  channels  called  portal  tufutls,  their  inimi'<iiat( 
vestment  being  a  sheath  of  areolar  tissue  continuous  with  Gli&80ii'i( 
sule. 

To  take  the  distribution  of  the  portal  vein  first :— In  ite  course  throngli 
the  liver  this  vessel  gives  ofif  small  brunches  which  divide  and  subdiTide 
between  the  lobules  surrounding  them  and  limiting  them,  and  fromt 
circumstance  called  rn/fr-lobular  veins.  From  these  smalJ  Jt 
dense  c^ipillary  network  is  prolonged  into  the  substance  of  the 


Ffg.  SflC.— CiiplJliinf  network  of  th<?  lobules  of  the  ralibit*s  liver.  The  figure  Is  UlMS fttom  ftior 
«ucc<*a8fiil  injec'tNjii  of  the  hepatic  veins,  made  bv  Hartinj? ;  It  rfioviisi  tie»iif  the  whoto  *d  two  W 
bules,  and  tmrt^  of  three  others  ;  p,  port&t  branones  ninnlnt;  In  the  interlobular  iptcfs;  1,  baftfc 
Teinn  penetrating  oik)  radiating  from  tho  centre  of  the  loboW     x  45     (K^Uiker  j 

and  this  network  gradually  gathering  itself  up,  so  to  speak^  into  larger 
vessels,  converges  finully  to  a  single  small  vein,  occupying  the  centre  of 
the  lobule,  and  henct*  CEilled  t/^/m-lobuLir.  This  arrangement  is  well 
seen  in  tig,  25fi,  which  represents  a  transverse  section  of  a  lobule. 

The  small  i>i/r«-Iobular  veins  discharge  their  contents  into  veiM 
called  .^^/^/-lobular  (h  h  A,  fig.  257);  while  these  ag;iin,  by  their  union, 
form  the  main  b  run  dies  of  tlie  htpaik  veins,  which  leave  the  posterior 
border  of  the  liver  to  end  by  two  or  three  principal  trunks  in  the  inf€* 
rior  vena  cava,  just  before  its  passage  through  the  diaphragm.  The 
*w/>-lobnlar  and  hepatic  veinfi,  unlike  the  portal  vein  and  its  companions, 
have  little  or  no  areohir  tissue  around  them,  and  their  coats  being  very 
thin,  they  form  little  more  than  mere  channels  in  the  liver  substance 
which  closely  surrounds  them. 

The  manner  in  which  the  lobules  are  connected  with  the  sublobular 
veins  by  means  of  the  small  intrakihidarrmuH  has  been  likened  to  a  twig 


Flg^,  1890.— Hepatic  celts  aod  bfte  cApiUftiiefl.  fmtii  the  liver  of  a  chiU!  three  months*"  oM.  Doth 
flj^i««  rroresent  fraf^D^eotfs  of  a  section  c'arrieil  through  the  periphery  of  a  lobule.  Theredctir- 
pu«cl€«  of  the  blood  are  r^CDfriii?^  I  hy  their  circular  contour;  t*ij,  oorre»poiids  to  an  mt^rlobirlftr 
▼ein  in  ioiznediate  proximity  with  which  are  the  epithell&l  eella  of  the  billarj'  tJucts,  to  which^  at  th« 
lower  part  of  the  flffurea,  tbi?  much  larger  hepatic  cells  nuddenly  succeed.    (K-  Hedng. ) 

to  the  portal  vein,  its  blood  being  returned  by  small  branches  either 


i 
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into  tlie  ramifications  of  the  portal  vein,  or  into  the  capillary  plexus  of 
the  lohules  which  connect  the  inter-  and  t ;i/ra-lobnlar  veins. 

The  hepatic  duct  divides  and  subdivides  in  a  manner  very  like  that 
of  the  portal  vein  and  hepatic  artery,  the  larger  branches  being  lined 
by  cylindrical,  and  the  smaller  by  small  polygonal  epithelium. 

The  bile-capillaries  commence  between  the  hepatic  cells,  and  an 
bounded  by  a  delicate  membranous  wall  of  their  own.  They  appear  to 
be  always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 
from  the  nearest  blood-capillary  by  at  least  the  breadth  of  one  cell  (figi 
258  and  259). 

The  Oall-bladder. 

The  Gall-bladder  (g.  b.  fig.  253)  is  a  pyrif orm  bag,  attached  to  the 
under  surface  of  the  liver,  and  supported  also  by  the  peritoneum,  which 
piisses  below  it.  The  larger  end,  or  fundus,  projects  beyond  the  front 
margin  of  the  liver;  while  the  smaller  end  contracts  into  the  cystic  duct. 

Structure. — The  walls  of  the  gall-bladder  are  constructed  of  three 
principal  coats.     (1)  Externally  (excepting  that  part  which  is  in  contact 
with  the  liver)  is  the  serous  coat,  which  has  the  same  structure  as  the 
peritoneum,  with  which  it  is  continuous.     Within  this  is  (2)  ih^Hhron 
or  areolar  coat,  constructed  of  tough  fibrous  and   elastic  tissue,  with 
which  is  mingled  a  considerable  number  of  plain  mnscular  fibres,  both 
loiigitudiniil  and  circular.     (3)  Internally  the  gall-bladder  is  lined  by 
mucous  membrane,  and  a  layer  of  columnar  epithelium.     The  surface 
of  tlie  mucous  membrane  presents  to  the  naked  eye  a  minutely  honey- 
combed appearance  from  a  number  of  tiny  polygonal  depressions  with 
intervening  ridges,  by  which  its  surface  is  mapped  out.     In  the  cvsiic 
duct  the  mucous  membrane  is  raised  up  in  the  form  of  crescentic  folds, 
which  together  appear  like  a  spiral  valve,  and  which  .minister  to  the 
function  of  the  gall-bladder  in  retaining  the  bile  during  the  interval  of 
digestion. 

The  gall-bladder  and  all  the  main  biliary  ducts  are  provided  with 
mucous  glands,  which  open  on  the  internal  surface. 

Functions  of  the  Liveb. 

The  function  of  the  liver  in  connection  with  digestion  is  to  secrete 
the  bile,  and  may  be  now  considered.  The  other  functions  in  connec- 
tion witli  the  general  metabolism  of  the  body,  and  particularly  its  gly- 
cogenic function,  will  be  discussed  later  on.  First  of  all  it  will  be  as 
well  to  take  the  composition  and  functions  of  the  bile,  and  afterward  to 
discuss  its  mode  of  secretion. 
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The  Bile. 

Properties. — The  bile  is  a  somewhat  viscid  fluid,  •of  a  yellow,  reddish- 
jdlow  or  green  color,  a  strongly  bitter  taste,  and,  when  fresh,  with  a 
•oucely  perceptible  odor:  it  has  a  neutral  or  slightly  alkaline  reaction, 
and  its  specific  gravity  is  about  1020.  Its  color  and  degree  of  consist- 
moe  vary  much,  quite  independent  of  disease;  but,  as  a  rule,  bile  becomes 
gndnally  more  deeply  colored  and  thicker  as  it  advances  along  its  ducts, 
or  when  it  remains  long  in  the  gall-bladder,  wherein,  at  the  same  time, 
it  becomes  more  viscid  and  ropy,  darker,  and  more  bitter,  mainly  from 
its  greater  degree  of  concentration,  on  account  of  partial  absorption  of 
its  water,  but  also  from  being  mixed  with  mucus. 

Chemical  Composition  op  Human  Bile.     (Frerichs.) 

Water 859.2 

Solids— Bile  salts .91.5 

Fat 9.2 

Cholesterin 2.6 

Mucus  and  coloring  matters  29.8 

Salts 7.7 

140.8 

1000.0 

(a)  Bile  saltSy  sometimes  termed  Biliny  can  be  obtained  as  colorless, 
exceedingly  deliquescent  crystals,  soluble  in  water,  alcohol,  and  alkaline 
solutions,  giving  to  the  watery  solution  the  taste  and  general  characters 
of  bile.  They  consist  of  sodium  salts  of  glycocholic  and  taurocholic 
aeida.  The  formula  of  the  former  salt  being  C26H4sNaN06,  and  of  the 
latter  CMH44NaN07S. 

The  bile  acids  are  easily  decomposed  by  the  action  of  dilute  acids  or  alkalies 
thus: 

C„H4,NO.  +  H,0  =  C,H.NO,  +  C.4H4.O. 
Glycocholic  Acid.  Olycin.  Cholic  Acid. 

and  C,«H4ftN07S  +  H,0  =  CHtNO.S  +  C,4H4oO» 
Taurocholic  Acid.  Taurin.  Cholic  Acid. 

Olycin,  or  glycocin,  is  amido-acetic  acid,  i.e.,  acetic  acid  CsH40t,  with  one 
of  the  atoms  of  H  replaced  by  the  radical  amidogen  NH9,CsHs(NHs)0s, 
CsHiNOt.  Taurin  likewise  is  amido-isethionic  acid.  Isethionic  acid  is  sul- 
phurous acid  HiSOt,  in  which  an  atom  of  H  is  replaced  by  the  monotomic 
radicle  ozy -ethylene,  CtH40H,  viz.,  H (CSU4OH) SO*,  and  in  amido-isethionic 
acid,  the  OH  hydroxyl  in  this  radicle  is  replaced  by  amidogen  NHs,  thus 
H(CiH4NHi)S0t  =  CiHtNSOs.  The  proportion  of  these  two  salts  in  the  bile  of 
different  animals  varies,  e.g.,  in  ox  bile  the  glycocholate  is  in  great  excess, 
whereas  the  bile  of  the  dog,  cat,  bear,  and  other  carnivora  contains  taurocho- 
late  alone;  in  human  bile  the  glycocholate  is  in  excess  (4.8  to  1.5). 

PttparaJtian  of  BUe  Saits. — Bile  salts  may  be  prepared  in  the  following 
manner :  mix  tlile  which  has  been  evaporated  to  a  quarter  of  its  bulk  with 
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animal  charcoal,  and  evaporate  to  perfect  dryness  in  a  water  bath.  Next  ex- 
tract  the  mass  while  still  warm  with  absolute  alcohol.  Separate  the  alcoholic 
extract  by  filtration,  and  to  it  add  perfectly  anhydrous  ether  as  long  as  a  pR. 
cipitate  is  thrown  down.  The  solution  and  precipitate  should  be  set  aside  in 
a  closely  stoppered  bottle  for  some  days,  when  crystals  of  the  bile  salts  or  bilia 
will  have  separated  out.  The  glycocholate  may  be  separated  from  the  tamo- 
chelate  by  dissolving  bilin  in  water,  and  adding  to  it  a  solution  of  neural  kid 
acetate,  and  then  a  little  basic  lead  acetate,  when  lead  glycocholate  sepaiatei 
out.  Filter  and  add  to  the  filtrate  lead  acetate  and  ammonia,  a  precipitate  d 
lead  taurocholate  will  be  formed,  which  may  be  filtered  off.  In  both  cases,  tiie 
lead  may  be  got  rid  of  by  suspending  or  dissolving  in  hot  alcohol,  adding 
hydrogen  sulphide,  filtering  and  allowing  the  acids  to  seiMixate  out  by  the  ad- 
dition of  water. 

The  Test  for  bile  salts  is  known  as  Pettenkofer's.  If  to  an  aqueooi 
solution  of  the  salts  strong  sulphuric  acid  be  added,  the  bile  acids  are 
first  of  all  precipitated,  but  on  the  further  addition  of  the  acid  are  re- 
dissolved.  If  to  the  solution  a  drop  of  solution  of  cane  sugar  be  added, 
a  fine  deep  cherry  red  to  purple  color  is  developed. 

Tlie  reaction  will  also  occur  on  the  addition  of  grape  or  fruit  sugar  instesd 
of  cane  sugar,  slowly  with  the  first,  quickly  with  the  last ;  and  a  color  similar 
to  the  above  is  produced  by  the  action  of  sulphuric  acid  and  sugar  on  albumen, 
the  crystalline  lens,  nerve  tissue,  oleic  acid,  pure  ether,  cholesterin,  morjihia, 
codeia  and  amylic  alcohol.  The  substance  which  gives  the  reaction  is  furfur- 
aldehyde,  formed  by  the  action  of  sulphuric  on  sugar.  Furfur- aldehyde  with 
cholalic  acid  gives  the  red  color. 

The  spectrum  of  Pettenkofer's  reaction^  when  the  fluid  is  moder- 
ately diluted,  shows  four  bands — the  most  marked  and  broadest  at  £, 
and  a  little  to  the  left;  another  at  F;  a  third  between  D  and  £,  nearer 
to  D ;  and  the  fourth  near  D. 

(b)  The  yellow  coloring  matter  of  the  bile  of  man  and  the  Camivora 
is  termed  Bilirubin  or  Bilifvlvin  (CieHisNaOs)  crystallizable  and  in- 
soluble in  water,  soluble  in  chloroform  or  carbon  disulphide;  a  green 
coloring  matter,  Biliverdin  (C16H20N2O5)  which  always  exists  in  large 
amount  in  the  bile  of  Herbivora,  being  formed  from  bilirubin  on  expo- 
sure to  the  air,  or  by  subjecting  the  bile  to  any  other  oxidizing  agency, 
as  by  adding  nitric  acid.  Biliverdin  is  soluble  in  alcohol  but  insolu- 
ble in  water,  in  chloroform  and  almost  in  ether.  It  is  not  crystalline. 
When  the  bile  has  been  long  in  the  gall-bladder,  a  third  pigment,  Mi- 
prasin,  may  be  also  found  in  small  amount. 

In  cases  of  biliary  obstruction,  the  coloring  matter  of  the  bile  is  re- 
absorbed and  circulates  with  the  blood,  giving  to  the  tissues  the  yellow 
tint  characteristic  of  jaundice. 

The  coloring  matters  of  human  bile  do  not  appear  to  give  character- 
istic absorption  spectra;  but  the  bile  of  the  Guinea-pig,  rabbit,  mouse, 
sheep,  ox,  and  crow  do  so,  the  most  constant  of  which  appears  to  be  a 
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id  at  F,     Tlio  biJo  of  the  slieep  luid  ox  gives  three  bands  In  a  thkk 
fer,  and  four  or  five  bands  with  a  thinner  kyer,  one  on  each  side  of 
P,  one  near  E,  and  a  faint  lino  at  F,     (MoMuiin.) 

There  meau  to  be  a  close  relationship  between  the  coloring  matters 

the  blood  and  of  the  bile,  and  it  may  he  added,  between  these  and 

of  the  urine  {urobiHu),  &nd  of  the  f^ces  {stermbHin)  also;  it  is 

ofaable  they  are,  all  of  them,  varieties  of  the  same  pigment,  or  derived 

rom  the  same  source.     Indeed  it  is  maintained  that  Crohilin  is  identi- 

\\  with  IhjdrobUiruhin^  a  substance  which  in  alkaline  solution  gives  a 

3n  fluorescence  with  zinc  chloride,  wliitih  is  obtained  from  bilirubin 

the  action  of  sodium  amalgam,  or  by  the  action  of  sodium  anuilgam 

i  alkaline  h^matin;  both  urobilin  and  hyd robilirubin  giving  a  charac* 

riatie  absorption  hand  between  b  and  F.     They  are  also  identical  with 

ercobiliu,  w^hich  is  formed  in  the  alimentary  eaoal  from  bile  pigments. 


T\g.  aw.— Crj-^staJliiio  *iL^aIi -M  of  cluil<*stt"riii. 

The  Te,Hi  (nnielin's)  for  i\\{^  presence  of  bnv-piffment  consists  of  the 

Idition  of  a  small  quantity  of  nitric  acid,  yellow^  with  nitrous  acid;  if 

ilts  be  present,  a  play  of  colors  is  produced,  beginning  with  green  and 

'passing  through  blue  and  violet  to  red,  and  histly  to  yellow*     The  final 

yellow  substance  bus  been  called  chokieHn.     The  spectrum  of  Gmelin*a 

test  gives  a  black  band  extending  from  near  l>  to  beyond  F. 

(<-)  Fatty  tiuhMftf tires  are  found  in  variable  proportions  in  the  bile. 
Besides  these  saponifiable  fats,  there  is  a  snuill  quantity  of  CholvsienHf 
which  is  an  alcohol,  and,  with  the  free  fats,  is  probably  held  in  solution 
by  the  bile  salts.  It  is  a  body  belonging  to  the  class  of  monatomic  alco* 
hols  (C^ftnuO),  and  crvBtallizes  in  rhombic  plates  (fig.  :2f!0).  It  is  in- 
soluble in  water  and  cold  alcohol,  but  dissolves  e-'isily  iu  boiling  alcohol 
or  in  ether.  It  gives  a  red  color  with  strong  sulphuric  acid,  and  with 
nitric  licil  and  ammonia;  also  a  play  of  colors  beginning  with  blood  red 
and  ending  with  green  on  the  addition  of  sulphuric  acid  and  chloro- 
form. Lecithin  (CiJI^uNFOy),  a  phosphorus-containing  body  and  Xt^u- 
fin  (CsHtxNO^),  are  also  found  in  bile,  the  latter  probably  as  a  decom- 
position product  of  the  former. 
^3 
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(d)  The  Mucus  in  bile  is  deriyed  from  the  mucous  raembrdne  anj 
glands  of  the  gall-bladder,  and  of  the  hepatic  ducts.  It  constitnteg  the 
residue  after  bile  is  treated  with  alcohol.  The  epithelium  with  which  it 
is  mixed  may  be  detected  in  the  bile  with  the  microscope  in  the  form  of 
cylindrical  cells,  either  scattered  or  still  held  together  in  layers.  To 
the  presence  of  the  mucus  is  probably  to  be  ascribed  the  rapid  decom- 
position  of  the  bile;  for,  according  to  Berzelins,  if  the  mucus  be  sept, 
rated,  it  will  remain  unchanged  for  many  days. 

(e)  The  Saline  or  ifwrganic  constituents  of  the  bile  are  similar  to 
those  found  in  most  other  secreted  fluids.  It  is  possible  that  the  car- 
bonate and  neutral  phosphate  of  sodium  and  potassium,  found  in  the 
ashes  of  bile,  are  formed  in  the  incineration,  and  do  not  exist  as  such  in 
the  fluid.  Oxide  of  iron  is  said  to  be  a  common  constituent  of  the  ashes 
of  bile,  and  copper  is  generally  found  in  healthy  bile,  and  constantly  in 
biliary  calculi. 

(/)  Gas, — Small  amounts  of  carbonic  acid,  oxygen,  and  nitrogen 
gases,  may  be  extracted  from  bile. 

Functions  of  the  Bile. — Respecting  the  functions  discharged  by  the 
bile  in  digestion,  there  is  little  doubt  that  it  (a)  assists  in  eviuhifying 
the  fats  of  the  food,  and  thus  rendering  them  capable  of  passing  into 
the  lacteals  by  absorption.  For  it  has  appeared  in  some  experiments  in 
which  the  common  bile-duct  was  tied,  that,  although  the  process,  of 
digestion  in  the  stomach  was  unaffected,  chyle  was  no  longer  well 
formed ;  the  contents  of  the  lacteals  consisting  of  clear,  colorless  fluid, 
instead  of  being  opaque  and  white,  as  they  ordinarily  are,  after  feeding. 
It  is,  however,  the  combined  action  of  the  bile  with  the  pancreatic  juif-e 
to  which  the  emulsification  is  due  rather  than  to  that  of  the  bile  alone, 
Tlie  bile  itself  has  a  very  feeble  emulsifying  power. 

(ft)  It  is  probable,  also,  that  the  moistening  of  the  mucous  membrane 
of  the  intestines  by  bile  facilitates  absorption  of  fatty  matters  through  it, 

(c)  The  bile,  like  the  gastric  fluid,  has  a  certain  but  not  Tery  con- 
siderable antlHepfic  i)ower,  and  may  serve  to  prevent  the  decomposition 
of  food  during  the  time  of  its  sojourn  in  the  intestines.  Experiments 
show  tliat  the  contents  of  the  intestines  are  much  more  fcetid  after  the 
common  bile-duct  has  been  tied  than  at  other  times:  moreover,  it  is 
found  that  the  mixture  of  bile  with  a  fermenting  fluid  stops  or  sjnils 
the  process  of  fermentation. 

(d)  The  bile  has  also  been  considered  to  act  as  a  natural  pnrgaim, 
by  promoting  an  increased  secretion  of  the  intestinal  glands,  and  l>v 
stimulating  the  intestines  to  the  propulsion  of  their  contents.  Th-'s  \iew 
receives  support  from  the  constipation  which  ordinarily  exists  in  jaun- 
dice, from  the  diarrha»a  which  accompanies  excessive  secretion  of  bile, 
and  from  the  jmrgative  properties  of  ox-gall. 

(e)  The  bile  appears  to  have  the  power  of  precipitating  the  gastric 
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and  peptones,  togeihvr  irifh  the  pepHin,  which  is  mixed  up  with 

I  soon  as  the  contents  of  the  atomaeh  meet  it  iu  the  duodenum, 

tie  purpose  of  this  operation  is  probahly  both  to  lielay  any  chiingo  in 

proteoses  until  the  pancreatic  juice  can  act  upon  them,  and  also  to 

event  the  pepsin  from  exercising  its  solvent  action  on  the  ferments 

the  pancreatic  juice. 

{/)  As  an  €.rrr€menti(miH  suhstince,  the  bile  may  serve  especially  as 

[medium  for  the  separation  of  certain  highly  carbonaceous  substances 

jni  the  blood;  and  its  adaptjxtion  to  this  purpose  is  well  illustrated  by 

be  peculiarities  attending  its  secretion  and  disposal  in  the  ftptus.     Dur- 

Hg  intra-utcrinc  life,  the  lungs  and  the  intestinal  canal  are  almost  in- 

ive;  there  is  no  respinition  of  open  air  or  digestion  of  food;  these 

annecessary,  on  account  of  the  sui»ply  of  well-elaborated  nutriment 

ceived  by  the  vessels  of  the  fa?tu&  at  tlie  placenta.     The  liver,  duriug 

be  same  time,  is  proportionately  larger  than  it  is  after  birth,  and  the 

cretion  of  bile  is  active,  although  there  is  no  food  in  the  intestinal 

aal  upon  which  it  can  exercise  any  digestive  property.     At   birth, 

lie  intestinal  canal  is  full  of  concentrated  bile,  mixed  with  intestinal 

>cretion,   and   this  constitutes  the   meconium,  or  fieces  of  the  foHus. 

the  fa?tus,  therefore,  the  main  purpose  of  the  secretion  of  bile  must 

directly   excretive,     rrobably  all  the  bile  secreted  in  fii4al  life  is 

llcorporated  in  the  meconium,  and   with  it  discharged,  and  tlius  the 

Iver  may  be  said  to  discharge  a  function  in  sonic  sense   vicarious  of 

it  of  the  lungs.     For,  in  the  ftetus,  nearly  all  the  Ixlood  coming  from 

le  placenta  passes  through   the  liver,   previous  tt>  its  distribution  to 

be  sevenil   organs   of  the   body;  and  the  abstraction   of  certain   sub- 

inces  will  purify  it,  as  in  extra- uteri  no  life  it  is  purified  by  the  separa- 

>n  of  carbon  dioxide  and  water  at  the  lungs. 

Mode  of  Seereiion  and  Dw'harge.^^The  secretion  of  bile  is  contin- 

"nally  going  on,  but  is  retarded  during  fasting,  and  uccelcrated  on  taking 

^Jood.     This  has  been  shown  by  tying  the  common  bile-duct  of  a  dog, 

^■nd  establishing  a  fistulous  opening  between  the  skin  and  gall-bladder, 

^Kliereby  all  the  bile  secreted   was  discharged  at  the  surface.     It  wivs 

PBoticed  that  when  the  animal  was  fasting,  sometimes  not  a  drop  of  hile 

WAS  discharged  for  several  hours;  but  that,  in  about  ten  minutes  after 

the  introduction  of  food  into  the  stomach,  the  bile  began  to  flow  abun- 

^dantly,  and  continued  to  do  so  during  the  whole  period  of  digestion, 

m     The  bile  is  formed  in  the  hepatic  cells;  thence,  being  discharged 

^nto  the  minute  hepatic  ducts^  it  passes  into  the  larger  trunks,  and  from 

the   main   hepatic   iluct  may   bo  carried   at  once  into  the    (hoKlenum. 

This  probably  happens  only  while  digestion  is  going  on,  /.i'.,  for  5  to  7 

hours  after  tlie  introduction  of  food  into  the  stomach;  during  fasting, 

it  regurgitates  from  the  comuKJii  bile-duct  through  the  cystir  duct,  into 

the  gall-bladder,  where  it  accumulates  till,  in  the  next  period  uf  diges- 
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tion,  it  18  discburged  into  the  iiUestine.  The  g;ill-bladder  thoa  fal&li 
its  oflice,  tlutt  of  a  resen'oir;  for  its  presence  enables  bile  to  be  c^b. 
stiintly  secreted,  yet  ineureB  its  enijiloymeiit  in  the  service  of  (iigefticn, 
although  digestion  ig  i>er iodic,  and  tho  gocretiori  of  bile  constaut. 

Tlio  mecliani^iii  by  which  the  bile  pusses  into  the  gall-bladder  ii 
simple.  The  oritlee  through  which  the  conimon  bile-duct  commani- 
cfttes  with  the  duodeimrti  is  narrower  than  the  duct,  and  appears  to  be 
closed,  except  when  there  is  sufficient  prosauro  behind  to  force  the  bilt 
through  it.  The  pressure  exercised  upon  the  bile  secreted  during  the 
iTitervuls  of  digestion  appears  insufficient  to  overcome  the  force  with 
which  the  orifice  of  the  duct  is  closed;  and  the  biJo  in  the  commiin 
duct,  finding  no  exit  in  the  intestine,  traverses  the  cystic  duct,  and « 
passes  into  the  gall-bhidder,  being  probably  aided  in  this  retrogrtdt 
course  by  tlie  peristaltic  action  of  the  ducts.  The  bile  is  discharged 
from  the  galbbladder  and  enters  the  duodenum  on  the  introdDctionof 
food  into  the  RUiall  intestine:  being  pressed  on  by  the  contraction  of 
the  coats  of  the  galbbhidder,  and  of  the  common  bile-dnct  also;  fortwtii 
these  organs  contain  un striped  muscular  fibrocells.  Their  contraction 
is  excited  l>y  the  stimulus  of  the  food  in  the  duodenum  acting  so  as  lu 
produce  a  reflex  movement*  the  force  of  which  is  sunioiont  to  openihe 
orifice  of  the  common  bile-duct. 

Bile  is  not  prc-formed  in  the  blood.  As  just  observed,  it  is  secreted 
by  the  hepatic  cells,  although  some  of  its  constituents  may  be  brouglil 
to  them  almost  in  the  condition  for  immediate  secretion.  The  blood 
from  which  tlie  liver  cells  secrete  the  bile  is  that  supplied  to  them  by  th« 
portal  vein.  This  is  shown  by  the  alterations  which  occur  in  the  pro- 
cess on  the  alteration  of  the  pressure  in  the  portal  system.  If  the  porbl 
vein  be  obstructed,  the  amount  of  bile  secreted  dimtnishos,  and  is  ulti- 
mately suppressed,  death  resulting.  It  has,  however*  been  shown  that 
under  extnLordinary  eircnmstancea  bile  may  be  secreted  by  the  aid  of 
the  blood  from  the  hepatic  artery,  since  if  a  branch  of  the  portal  vein 
be  tietl,  the  part  of  the  liver  supplied  by  it  continues  to  secrete  bilp, 
tlmugh  in  diminished  quantity.  When  the  discharge  of  the  bile  into 
the  intestine  is  prevented  by  an  obstruction  of  some  kind,  as  by  a  gaJh 
stone  blocking  the  hepatic  duct,  it  is  reabsorbed  in  great  excess  into 
tlie  blood,  and,  circulating  with  it,  gives  rise  to  the  well-known  phenom- 
ena of  jaundice.  This  is  explained  by  the  fact  that  the  pressure  of 
secretion  in  the  ducts  although  normally  very  low,  not  exceeding  15 
mm.  in  the  dog,  is  still  higher  than  that  of  the  portal  veins,  and  if  it 
exceeds  10  mm.  the  secretion  although  formed  ceases  to  be  poured  out 
and  if  the  opposing  force  be  increased,  the  bile  passes  into  the  hlood- 
vessels  through  the  lymphatics,  and  the  yellow  color  appears  in  the  skin 
and  in  the  secretions,  and  constitutes  the  condition  of  Jaundice.  In 
jaundice  the  faeces  are  ligVii  co\oTed  wwdUv^W^^  offensive,  there  is  con- 
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Bpation^  the  heiirt  beata  slowly,  and  from  the  presenee  of  liile  salts  as 
&U  as  bile  i)igment  in  the  blood,  the  rud  blood  c^orpuscles  niuy  be  iu 
dissolved*     The  latter  action  reBultg  in  the  presence  of  luemoglobin 
id  of  an  additional  amount  of  bile  pigment  in  the  urine. 

Diitposal  of  the  Bile, — The  simple  excretion  of  tlie  fuetal  bile  makes 
probable  thiit  the  bile  in  extra-uterine  life  is  also,  at  least  in  part,  dea- 
aed  to  be  discharged  as  excrementitious.     The  analysis  of  the  fwces 
bovs,  however,  that  (except  when  nipidly  discharged  in  purgation)  they 
llain  very  little  of  the  bile  secreted,  probably  nut  more  than  one-six- 
ith  part  of  its  weight,  and  that  this  portion  includes  chiefly  its  col- 
ring  matter  in  the  form  of  stercobilin,  and  some  of  its  fatty  matters 
id  mucin,,  but  its  salts  to  only  a  very  elight  degree,  almost  all  of  which 
ive  been  reabsorbed  from  the  intestines  into  tlie  blood.     The  bilirubin 
in  part  converted  into  urobilin  and  is  reabsorbed  and  excreted  by  the 
Mdneys  in  the  urine. 

The  elemeutary  composition  of  bile-salts  shows  such  a  prepondertince 
cairbou  and  hydrogen  that  probably,  after  abfiorption,  they  combine 
rith  oxygen,  and  are  excreted  in  the  form  of  carbonic  acid  and  water. 
The  change  after  birth,  from  the  direct  to  the  indirect  mode  of  exere- 
ion  of  the  bile  may,  with  much  probability,  be  connected  with  a  purpose 
relation  to  the  development  of  heat.     The  temperature  of  the  fcetus 
largely  maintained  by  that  of  the  parent,  but,  in  extra-uterine  life, 
iiero  is  (as  one  may  say)  a  waste  of  material  for  heat  when  any  excro- 
ion  is  discharged  unoxidized;  the  c^irboo  and  hydrogen  of  bilin,  thcre- 
>re^  iustoatl  of  being  ejected  in  the  fibres,  to  a  very  large  extent  (viz,, 
]),  are  reabsorbed,  in  order  that  they  may  be  combined  with  oxygen,  and 
that  in  tli«t  combination  heat  msiy  bo  generated.     It  nppeara  that  tauro- 
cholic  acid  may  eiisily  he  split  uji  in  the  intestine  into  tauriu  and  chola- 
lic  acid,  and  the  sanu?  is  jirubable  of  glyeocholic  ucid.     Tanrin,  glycin, 
and  eholalie  acid  have  all  been  detected  in  small  amounts  in  the  f»ce6. 
iSo  that  the  bile  is  in  part  excreted,  but  in  part  is  reabsorbed  from  the 
intestine  (chiefly  the  large),  and  returned  to  the  liver.     What  may  he 
the  ultimate  destination  of  these  altered  or  unaltered  constituents  is  un- 
known.    Glycin  is  supposed  to  go  partly  to  form  urea,  and  taurin  is  ex- 
creted to  a  slight  extent  in  the  urine  as  tauro-carbauiic  acid,  bnt  it  is 
probable  that  although  part  of  this  may  unite  to  re-form  glycocholic  or 
tanrocholic  acid,  the  remainder  is  united  with  oxygen,  and  is  bunit  off 
in  the  form  of  carbonic  acid  and  water, 

A  substance,  contained  in  the  fseces,  and  named  utercorin^  ia  closely 
allied  to  cholesterin.  Ten  gmius  and  a  half  of  stercorin  are  excreted 
daily  (A.  Flint). 

From  the  peculiar  manner  in  which  the  liver  is  supplied  with  much 
of  the  blood  that  flows  through  it,  it  is  probable  that  this  organ  is  ex- 
cretory, not  only  for  such  hydro-carbonaceous  matters  as  may  need  ex- 
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pulsion  from  the  blood,  but  tbat  it  eervca  for  the  direct  purification  of ' 
tbe  slreimi  which,  urriving  by  the  portul  vein,  has  just  gathered  up  viri- 
0U8  substauc^es  in  its  course  through  the  digestive  organs— siibsLnncd 
which  may  need  to  be  expelled  almost  immed lately  after  their  nhiiorp. 
tion.     For  it  is  easily  conceivable  that  many  things  may  be  taken  up 
(luring  digt'stion,  which  not  only  are  unfit  for  ]»nrp08e-sof  nutrition. M 
which  would  be  positively  injurious  if  allowed  to  mingle  with  the  gvn- 
end  mass  of  the  blood.     The  liver,  therefore,  muy  be  supposed  placed  m 
the  only  road  by  which  is u eh  matters  can  pass  unchanged  into  the  genenl 
current,  jealously  to  guard  against  their  further  progress,  and  tumlhem 
back  again  into  an  excretory  channeL     The  frequency  with  which  1ll^1 
tnllic  poisons  are  either  excreted  by  the  liver,  or  intercepted  and  retainfd,! 
often  for  a  considenible  time,  in  its  own  substance,  may  be  add  need  lal 
evidence  for  the  probable  truth  of  this  supposition. 

The  secretion  of  the  bile  by  the  hepatic  cells  is  undoubtedly  inflaen^id  I 
by  the  amount  of  blood  supydit^d  to  them.     This  is  well  seen  after  a  meal,  I 
when  the  amount  of  blood  passing  through  the  portal  circulation  incon-l 
sequence  of  the  congestion  of  the  secreting  organs  of  the  abdomen  ii 
gre^itly  increased,  and  with  it  the  bile  secretion.     It  is,  however,  pre baWe 
that  the  secretion  of  the  cells  is  in  some  more  ilirect  way  under  the  con- 
trol of  the  nervous  system,  but  how  this  influence  is  exercised  k  un- 
known*    Tlie  antecedents  of  the  various  substances   of  the   bile  from 
winch  the  cells  nninnfacture  its  chief  constituents  are  not  exactly  known, 
It  is  surmised  that  the  bilirubin  is  formed  from  hemoglobin  brouglii 
from  the  spleen  either  actually  dissolved  in  the  plasma  of  the  blood  or  j 
in  such  a  condition  in  the  corpuscles  as  to  be  easily  acted  npon  by  the] 
liver  cells,  by  which  the  iron  ia  separated.     The  bile  salts  are^  at  any! 
rate  in  part,  formed  simply  by  the  conjunction  of  glycin  and  tauriu  with  I 
cholalic  acid,  all  of  which  may  he  brought  to  the  liver  in  the  portalJ 
blood,  but  failing  this  it  is  probable  that  the  hepatic  cells  can  produo 
these  substances  anew* 


The  Intestinal  Secretion,  or  Succus  Entericus. 

On  account  of  the  difficulty  in  isolating  the  secretion  of  the  glands 
in  the  wall  of  the  intestine  (Brunner's  and  Lieberkuhn's)  from  other 
secretions  poured  into  the  canal  (gastric  juice,  bile,  and  pancreatic  se- 
cretion), but  little  is  known  regfirding  the  composition  of  the  intestinal 
juice,  or  succuh  eiiipnftfs. 

It  is  said  to  be  a  yellowish  alkaline  fluid  with  a  specific  gravity  of  ■ 
1011,  and  to  contain  about  2.5  per  cent  of  solid  matters  (Thiry).  ' 

Fum-lions^^ThB  secretion  is  said  to  be  able  to  convert  proteids  into 
peptones,  and  to  convert  starch  into  sugar,  but  the  evidence  in  favor  of 
these  actions  is  insufficient.     The  chief  function  of  the  juice  is  to  act 
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an    sugars.     It  poBsessea  tbe  power  of  converting  eane  into  grape 
Igiir,  unci  maltose  into  glucose.     It  ulso  contains  a  milk-curdling  fer- 

The  reaction  which  reprcsente  theconvcrBion  of  cane  sugar  into  grape 
ir  may  be  represented  thus: 

3C„H„Om    +    3H,0    =    CnH,«0|,    +    C,,Ht,0,. 

The  conversion  is  probably  effected  bj  means  of  a  hydrolytic  ferment, 
^immrtin  (Bernard), 

Summary  of  the  Digestive  Changes  in  the  Sma!l 
Intestine. 

In  order  to  understand  the  changes  in  the  food  which  occur  during 
Its  passage  through  the  email  intestine,  it  will  be  well  to  refer  brielly  to 
[the  state  in  which  it  leaves  the  stomach  through  the  pylorus.     It  has 
ifceen  said  before,  that  the  chief  office  of  the  stomach  is  not  only  to  mix 
I  to  an  uniform  mass  all  the  varieties  of  food  that  reacli  it  through  the 
[iphagus,  but  especially  lo  dissolve  the  nitrogenous  portion  by  meaus 
)f  its  secretion.     The  fatty  matters,  during  their  sojourn  in  the  stomach, 
[become  more  thoroughly  mingled  with  the  other  constituents  of  the 
[food  taken,  but  are  not  yet  in  a  state  fit  for  absorption.     The  conversion 
of  starch  into  sugar,  which  begun  in  the  moutli,  has  been  interfered 
with,  if  not  altogetlier  stopped.     The  soluble  matterB- both  those  which 
were  so  from  the  first,  us  sugar  and  saline  matter,  and  the  gastric  pep- 
tones— have  begun  to  disappear  by  absorption  into  the  blood-vessels,  and 
the  same  thing  has  befallen  such  fluids  as  may  have  been  swallowed. 

The  thin  pultaceous  chyme,  therefore,  which,  during  the  whole  period 
of  gastric  digestion,  is  being  constantly  squeezed  or  strained  through  tljo 
pyloric  orifice  into  the  duodenum,  consistB  of  albuminous  matter,  broken 
down,  dissolving  and  half  dissolved;  fatty  matter  broken  down  and 
melted,  but  n4>t  dissolved  at  all;  starch  very  slowly  in  process  of  con- 
version into  sugar,  and  as  it  becomes  sugar,  also  dissolving  in  the  fluids 
with  which  it  is  mixed;  while  with  these  are  mingled  gastric  fluid,  and 
fluid  that  hu«  been  swallowed,  together  with  such  portions  of  the  food 
ae  are  not  digestible,  and  will  be  finally  expelled  as  part  of  the  faeces. 

On  the  entrance  of  the  chyme  into  the  duodenom,  it  is  subjected  to 
the  influence  of  the  bile  and  pancreatic  juice,  which  are  then  poured  out, 
and  also  to  that  of  the  succub  entericus.  All  these  secretiong  have  a 
more  or  less  alkaline  reaction,  and  by  their  admixture  with  the  gastric 
chyme,  its  acidity  becomes  less  and  less  until  at  length,  at  about  the 
middle  of  the  small  intestine,  the  reaction  becomes  alkaline  and  contin- 
ues so  as  far  as  the  ileo-cascal  valve* 


360  HAKBBOOK   OF  PHYSIOLOGY. 

The  special  digestive  functions  of  the  small  intestine  may  be  taken 
in  the  following  order: — 

(1.)  One  important  duty  of  the  small  intestine  is  the  alteration  of 
the  fat  in  such  a  manner  as  to  make  it  fit  for  absorption ;  and  there  is 
no  doubt  that  this  change  is  chiefly  effected  in  the  upper  part  of  tbe 
small  intestine.  What  is  the  exact  share  of  the  process,  however,  al- 
lotted respectively  to  the  bile  and  to  the  pancreatic  secretion,  is  still  un- 
certain. The  fat  is  changed  in  two  ways,  (a.)  To  a  slight  extent  it 
is  chemically  decomposed  by  the  alkaline  secretions  with  which  it  ig 
mingled,  and  a  soap  is  the  result.  (6.)  It  is  emnlsionized,  i.e.,  its  par- 
ticles are  minutely  subdivided  and  diffused,  so  that  the  mixture  assames 
the  condition  of  a  milky  fluid,  or  emulsion.  As  will  be  seen  in  the  next 
Chapter,  most  of  the  fat  is  absorbed  by  the  lacteals  of  the  intestine,  bnt 
a  small  part,  which  is  saponified,  is  also  absorbed  by  the  blood-vessek 

(2.)  The  albuminous  substances  which  have  been  partly  dissolved  in 
the  stomach,  and  have  not  been  absorbed,  are  subjected  chiefly  to  the 
action  of  the  pancreatic  juice.  The  pepsin  is  rendered  inert  by  being 
precipitated  together  with  the  gastric  peptones  and  proteoses,  as  soon  as 
the  cliyrae  meets  with  bile.  By  these  means  the  pancreatic  ferment 
trypsin  is  enabled  to  proceed  with  the  further  conversion  of  the  proteo- 
ses into  peptones,  and  part  of  the  peptones  (hemipeptone)  into  leucin 
and  tyrosin.  Albuminous  substances,  which  are  chemically  altered  in 
tlie  process  of  digestion  (peptones)  and  gelatinous  matters  similarly 
changed,  are  absorbed  by  the  blood-vessels  and  lymphatics  of  the  intes- 
tinal mucous  membrane.  Albuminous  matters,  in  state  of  solution, 
which  have  not  undergone  tbe  peptonic  change,  are  probably,  from  tbe 
difficulty  with  which  they  diffuse,  absorbed,  if  at  all,  almost  solely  by 
the  lymphatics. 

(3.)  The  starchy,  or  amyloid  portions  of  the  food,  the  conversion  of 
which  into  dextrin  and  sugar  was  more  or  less  interrupted  during  its 
stay  in  the  stomach,  is  now  acted  on  briskly  by  the  pancreatic  juice  and 
the  succus  entericus;  and  the  sugar  in  the  form  of  glucose  or  of  maltose 
or  of  both  as  it  is  formed,  is  dissolved  in  the  intestinal  fluids,  and  is 
absorbed  chiefly  by  the  blood-vessels. 

(4.)  Saline  and  saccharine  matters,  such  as  common  salt,  and  cane 
sugar,  if  not  in  a  state  of  solution  beforehand  in  the  saliva  or  other  fluids 
which  may  have  been  swallowed  with  them,  are  at  once  dissolved  in  the 
stomach,  and  if  not  here  absorbed,  are  soon  taken  up  in  the  small  intes- 
tine; the  blood-vessels,  as  in  the  last  case,  being  chiefly  concerned  in  tbe 
absorption.  Cane  sugar  is  in  part  or  wholly  converted  into  grape  sugar 
before  its  absorption.  This  is  accomplished  partially  in  the  stomach,  but 
also  by  a  ferment  in  the  succus  entericus. 

(5.)  The  liquids,  including  in  this  term  the  ordinary  drinks,  as  water, 
wine,  ale,  tea,  etc.,  which  may  have  escaped  absorption  in  the  stomach, 
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are  absorbed  probnbly  very  soon  after  their  etitranco  into  the  inteitine; 
the  fluidity  of  the  conteiits  oi  tlio  hitter  heiug  preserved  more  by  the 
constant  secretion  of  fluid  by  the  iu.estinal  gkiids,  pancreas,  imd  liver, 
thrill  by  any  given  portion  of  fluid  whether  swallowed  or  secreted,  rc- 
mainiiig  long  unabsorbed.  From  this  fact,  therefore,  it  may  be  gathered 
that  there  is  a  kind  of  circulation  constantly  proceeding  from  the  intes- 
tines into  the  blood,  and  from  the  blood  into  the  intestines  again;  for 
as  all  the  flnid — a  very  brge  amount— seure ted  by  the  intestinal  glands, 
must  come  from  the  blood,  the  latter  would  be  too  much  drained,  were 
it  not  that  the  same  fluid  after  secretion  is  again  reabsorbed  into  the 
current  of  blood— going  into  the  blood  charged  with  nutrient  products 
of  digestion — coniiug  out  again  by  secretion  through  the  glands  in  a 
eompanitively  nnobanged  condition. 

At  the  lower  end  of  the  small  intestine,  the  chyme,  still  thin  and 
pultaccous,  is  of  a  light  yellow  cok:>r,  and  has  a  distinotlv  ficeal  odor. 
This  odor  depends  upon  the  formation  of  indol  and  other  substances  to 
be  again  alluded  to.  In  this  state  it  passes  through  the  ileo-ccecal  open- 
ing into  the  large  intestine. 

Summary  of  the  Digestive  Changes  in  the  Large 
Intestine. 

The  changes  which  take  phice  in  the  chyme  in  the  large  intestine 
^are  probably  only  the  continoation  of  the  same  changes  that  occur  in 
the  coarse  of  the  food's  passage  through  the  upper  part  of  the  intestiniil 
eanal*  From  the  absence  of  villi,  however,  we  may  conclude  that  ab- 
►rption,  especially  of  fatty  matter,  is  in  great  part  completed  in  the 
tall  intestine;  while,  from  the  still  lialMi(|uid,  piiltaeeous  consistence 
of  the  chyme  when  it  tirBt  enters  the  ciecuni,  there  can  be  no  doubt  thiit 
the  absorption  of  liijuid  is  nut  by  any  means  concluded.  The  peculiar 
odor,  moreover,  which  is  aci^oired  jtfter  a  short  time  by  the  contents  of 
the  large  bowel,  would  seem  to  indicate  a  further  chemical  change  in 
the  alimentary  matters  or  in  the  digestive  fluids,  or  both.  The  acid 
reaction,  which  had  disappeared  in  the  small  bowel,  again  becomes  very 
manifest  in  the  caecum— probably  from  acid  fermentation  processes  in 
Booie  of  the  materials  of  tlie  food. 

There  seems  no  reason  to  conclude  that  any  special  secondary  diges- 
tive  process  occurs  in  the  CBecum  or  in  any  other  part  of  the  large  in- 
testine. Probitbly  any  constituent  of  the  food  which  has  escaped 
digestion  and  absorption  in  the  small  bowel  may  be  digested  in  the  large 
intestine;  and  the  power  of  this  part  of  the  intestinal  canal  to  digest 
fatty,  albuminous,  or  other  matters,  may  be  gathered  from  the  good 
effects  of  nutrient  enemata,  so  frequently  given  when  from  any  cause 
there  ia  diflSculty  in  introducing  food  into  the  stomach.     In  ordinary 
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healthy  digestion,  however,  the  changes  v.  Lich  ensue  in  the  chyme  afwr 
its  passage  into  the  large  intestine  are  mainly  the  absorption  of  the 
more  liquid  parts;  the  chief  functitn  of  the  large  intestine  being  tosict 
as  a  reservoir  for  the  residues  of  digestion  before  their  expulsion  from 
the  body. 

Action  of  Micro-org^anisms  in  the  Intestines. 

Certain  changes  take  place  in  the  intestinal  contents  independent  of, 
or  at  any  rate  supplemental  to,  the  action  of  the  digestive  fermenu. 
These  changes  are  brought  about  by  the  action  of  micro-organisms  or 
bacteria.  We  have  indicated  elsewhere  that  the  digestive  ferments  are 
examples  of  law  f/anized  ferments,  so  bacteria  are  examples  of  organized 
ferments.     Ciganized    ferments,    of    which   the    yeast    plant,   lomla 
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Fig.  361.— Types  of  micro-or^nisms.  a,  micrococci  arranged  singly;  in  twos,  diplooocci— if  all 
the  micrococci  at  a  were  grouped  together,  they  would  be  called  staphylococci— ana  in  fours,  sar- 
cinse:  b,  micrococci,  in  chains  streptococci ;  cand  d,  bacilli  of  various  kinds,  one  is  represented 
with  llagellum ;  e,  various  forms  of  spirilla;  /,  spores,  either  free  or  in  badllL 

{saccharomyces)  cerevisiw,  may  be  taken  as  a  typical  example,  consist  of 
unicellular  vegetable  organisms,  which  when  introduced  into  a  suitable 
culture  medium  grow  with  remarkable  rapidity,  and  by  their  growth 
produce  new  substances  from  those  supplied  to  them  as  food.  Thus  for 
example,  when  the  yeast  cell  is  introduced  into  a  solution  of  grape  sugar, 
it  grows,  luul  on  the  one  hand  alcohol,  and  on  the  other  hand  carbon 
dioxide  are  produced.  These  substances  are  not  the  direct  result  of  the 
life  of  the  cell,  but  probably  arise  from  the  formation  of  some  chemical 
substances  allied  to  the  unorganized  ferments  which  greatly  increase  in 
amount  with  the  multiplication  of  the  original  cell.  In  all  such  fer- 
mentative processes,  organisms  analogous  to  the  yeast  cell  are  present, 
and  it  is  not  strange  that  if  the  ferment  cell  is  introduced  into  a  suit- 
able medium,  it  may  by  its  rapid  reproduction  have  power  to  convert 
an  unlimited  amount  of  one  substance  into  another.  Speaking  generally 
a  special  variety  of  cell  is  concerned  with  each  ferment  action,  thus  one 
variety  has  to  do  with  alcoholic,  another  with  lactic  and  another  with 
acetous  fermentation.     A  considerable  number  of  species  of  bacteria 
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list  in  tlie  body  during  lifti,  chiefly  in  connet^tioii  with  the  nnicous 
lombraiies,  ]>urtiLHilMrly  of  tlie  digedtivo  tmcl.  The«e  bacteria  are 
inicellular  organisms,  devoid  of  chlorophyll,  sometinies  called  Ji^sstou 
tfiffi  or  Hvhizomyf^eies,  They  multiply  chiefly  by  division,  but  numy  of 
aem  also  form  spores — whereas  the  yeast  cell  miiltiplica  by  gemmiition, 
le  biicteritt  are  very  much  amuller  than  the  yeast  cells,  being  only 
im  1  to  2/i  ill  width.  Morphologically  they  are  classified  iiitoi,  mirro- 
cci  or  globular  bacteria,  ii.  haciUi  or  rod-ahaped  bacteria,  and  iii, 
nrilla  or  sinuous  bacteria* 

Many  forms  of  bacteria  have  been  isolated  from  the  mouth,  a  few 
rarieties  from  the  stomach,  and  a  very  large  number  from  tht*  intestines. 
It  is  only  \i\  the  last  named  locality  that  their  multiplication  lias  much 
iflect  from  a  physiological  point  of  view.  In  the  intestinal  canal  it 
ppeafs  thai  certain  changes  occur  which  are  distinctly  due  to  micro- 
argitnisms;  these  changes  are  possibly  kept  within  limits  by  the  presence 
[>f  bile  in  the  intestine.  The  changes  said  to  be  dee  under  ordinary 
Bircumstances  are  as  follows: — 

a.  The  fornuition   of    indole  altttnl^  crem!  and  phenol,  chiefly  from 
pptone  (?  antipeptone)  in  the  small  intestine,  and  possibly  in  the  large 

intestine  also.  These  substances  are  absorbed  and  excreted  in  the  urine 
[fts  combined  sulphates.  In  addition  to  these  as  results  of  decomposition 
I  of  albuminous  substances,  there  are  many  other  products,  ejj.,  gases,  snob 
i  ammonia,  sulphuretted  hydrogen,  volatile  and  fatty  acids,  leucin  and 

lyrosin,  phenyl-acetic,  phenyl-proprionic  and  other  acids. 

b.  The  formation  of  hutie  (/r^V/and  hulyric  acid  from  carbo-hydrates. 
iThis  occurs  in  two  stages,  and  chiefly  results  from  decomposition  of 
Iwag&rs, 

c*  The  decomposition  of  cellulose, 

(CeHi,Os+Il20=3C03+3CH<.) 

M0VKMEXT8  OF  THE  Intestines, 

It  remains  only  to  consider  the  manner  in  which  the  food  and  the 
sevenil  secretions  mingled  with  it  are  moved  through  the  intestinal 
canaU  so  as  to  be  slowly  subjected  to  the  influence  of  fresh  portions  of 
I  intestinal  secretion,  and  as  slowly  exposed  to  the  absorbent  power  of  all 
the  villi  and  blood-vessels  of  the  mucous  membrane.  The  movement  of 
the  intestines  is />frix/r///iV  or  rermkular^v^n^  is  effected  by  the  alternate 
contnictions  and  dilatations  of  successive  portions  of  the  muscular  coats. 
The  contnictions,  which  may  commence  at  any  point  of  the  intestine, 
extend  in  a  wave-like  manner  along  the  tube.  In  any  given  portion, 
the  longitudinal  muscular  fibres  contract  first,  or  more  than  the  circular; 
they  draw  a  portion  of  the  intestine  upward,  or,  as  it  were,  backward^ 
over  the  substance  to  be  propelled,  and  then  the  circular  fibres  of  the 


■  over  ine  s 


i 


364  HAKDBOOK  OF  PHYSIOLOGY. 

same  portion  contracting  in  succession  from  aboTe  downward,  or,  as  it 
were,  from  behind  forward,  press  on  the  substance  into  the  portion 
next  below,  in  which  at  once  the  same  succession  of  action  next  ensues. 
These  movements  taito  place  slowly,  and,  in  healthy  commonly  give  rise 
to  no  sensation;  but  they  are  perceptible  when  they  are  accelerated 
under  the  influence  of  any  irritant.  The  movements  of  the  intestines 
are  sometimes  retrograde;  and  there  is  no  hindrance  to  the  backward 
movement  of  the  contents  of  the  small  intestine.  But  almost  complete 
security  is  afforded  against  the  passage  of  the  contents  of  the  large  isto 
the  small  intestine  by  the  ileo-csBcal  valve.  Besides, — the  orifice  of 
communication  between  the  ileum  and  caecum  (at  the  borders  of  which 
orifice  are  the  folds  of  mucous  membrane  which  form  the  valve)  is  en- 
circled with  muscular  fibres,  the  contraction  of  which  prevents  the 
undue  dilatation  of  the  orifice. 

Proceeding  from  above  downward,  the  muscular  fibres  of  the  large 
intestine  become,  on  the  whole,  stronger  in  direct  proportion  to  the 
greater  strength  required  for  the  onward  moving  of  the  faeces,  which  are 
gradually  becoming  firmer.  The  greatest  strength  is  in  the  rectum,  at 
the  termination  of  which  the  circular  unstriped  muscular  fibres  form  a 
strong  band  called  the  internal  sphincter;  while  an  external  sphincter 
muscle  with  striped  fibres  is  placed  rather  lower  down^  and  more  ex- 
ternally, and  as  we  have  seen  above,  holds  the  orifice  close  by  a  con- 
stant slight  tonic  contraction. 

Experimental  irritation  of  the  brain  or  cord  produces  no  evident  or 
constant  effect  on  the  movements  of  the  intestines  during  life;  yet  in 
consequence  of  certain  mental  conditions  the  movements  are  accelerated 
or  retarded;  and  in  paraplegia  the  intestines  appear  after  a  time  much 
weakened  in  their  power,  and  costiveness,  with  a  tympanitic  condition, 
ensues.  Stimulation  of  pneu mo-gastric  nerves,  if  not  too  strong,  induces 
genuine  peristaltic  movements  of  the  intestines.  Violent  irritiitiou 
stops  the  niovenients. 

Influence  of  the  Nervous  System  on  Intestinal  Dig^estion. 

As  in  the  case  of  the  oesophagus  and  stomach,  the  peristaltic  movt?- 
ments  of  the  intestines  may  be  directly  set  up  in  the  muscular  fibres  by 
the  presence  of  chyme  acting  as  the  stimulus.  Few  or  no  movemeiiis 
occur  when  the  intestines  are  empty.  The  intestines  are  connected 
with  the  central  nervous  system  both  by  the  vagi  and  by  the  splanchnic 
nerves,  as  well  as  by  other  branches  of  the  sympathetic  which  come  to 
them  from  the  coeliac  and  other  abdominal  plexuses. 

The  relations  of  these  nerves  respectively  to  the  movements  of  the 
intestine  and  the  secretions  are  probably  the  same  as  in  the  case  of  the 
stomach  already  treated  of. 


POOD    AND   DTOESTION. 

Duration  of  Inftaftrtal  Dif/rsfiou. — The  time  occupied  bj  the  journey 
giTon  portion  of  food  from  the  stonmch  to  the  luiua  varies  consid- 
ibly  even  in  health,  and  on  this  aoooynt  probably  it  ig  that  such  dif- 
Mnent  opinions  have  been  expressed  in  regard  to  the  flubject.  About 
relre  hours  are  occupied  by  the  journey  of  an  ordinary  meal  through 
ae  small  intestine,  and  twenty-four  to  thirty-six  houra  by  the  passage 
I  rough  the  htn/e  bowel. 

The  contents  of  the  large  intestine,  as  they  proceed  toward  the  reo- 

im,  become  more  and  more  solid,  and  losing  their  more  liriuiil  and 

intrient  parts,  gradually  acquire  the  odor  and  consistence  ehanieteristic 

if  yVrre?,     After  a  sojourn  of  uncertain  duration  iti  the  sigmoid  flexure 

»f  the  colon^  or  in  the  rectum,  they  are  finally  expelled  by  the  act  of 

ition« 

'  The  average  quantity  of  solid  foBcal  matter  evacuated  by  the  human 

IqU  in  twenty-four  hours  is  about  six  or  eight  ounces. 


Composition  of  F^ces. 

The  amount  of  water  varies  consideraldy,  from  08  to  82  per  cent  and 
upward.     The  following  table  is  about  an  average  composition:  — 


733.00 


267.00 


V  The  GaMS  contained  in  the  Stomach  and  Inteiiitnes. — Under  ordi- 
nary circumstances,  the  alimentary  canal  contains  a  considerable  quan- 
tity of  gjiseous  matter.  Any  one  wlio  has  had  occasion,  in  a  post-mortem 
examination,  either  to  lay  ojien  the  intestines,  or  to  let  out  the  gas 
which  tbey  contain,  must  have  been  struck  by  the  small  space  afterward 
occupied  by  the  bowels,  and  by  the  large  degree,  therefore,  in  which  the 
gjig»  which  naturally  [iistcntls  them,  contributes  to  till  the  cavity  of  the 
abdomen.     Indeed,  the  presence  of  air  in  the  intestines  is  ao  constant. 


Water        .        , 

Solids,  compriaiDg : 

a.  InHtiluble  residues  of  the  toM.  nncooketl  starch, 
cellulose,  woody  fibres,  eiirLiLag<r?,  seldom  inus- 
ciilar  fibres  and  other  proteids,  fat,  choltfsterin, 
homy  fjiatter,   and  mucin 

b.  Certain  Htih*<t;*nL"es  rL»siilting  from  dei'oiiiijositiou 
of  fcKxlB.  iiidtfl,  ska  to  U  fatty  and  uther  at  ids, 
cali-dum  and  rTiiij^esiuni  naps 

c.  Special  excreineutitiouH  ronwtituents :— Exeretin, 
excretoleic  acid  (Marcet) ,  and  starcorin  (Autitin 
Flint)      .         ,         .         / 

d.  Salts :— -Odefly  phi^wphnte  of  iiiagneBiiini  ami  plio**- 
phate  of  cafeiiHii,  with  small  quantities  uf  iri»u, 
soda,  linie,  and  m\U:iv        ,         .         .         .         , 

e.  Insohihle  mibatances  accidentally  introducefl  with 
th*."  f^Mxl  ........ 

f.  MuriLs  epitlieliuni.  alteretl  cidoring  matter  of  bil<?, 
fatty  arids,  etc.  .         .  .  .         ,         , 

g.  Varying  (|uantitie8  of  other  eonstituents  of  hile,  and 
dtrivatives  frnni  tliein  ...... 


1000.00 
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and,  within  certain  limits,  the  amount  in  health  so  uniform,  that  there 
can  be  no  doubt  that  its  existence  here  is  not  a  mere  accident,  bat  in- 
tended to  serre  a  definite  and  important  purpose,  although,  probably,  a 
mechanical  one. 

Sources. — The  sources  of  the  gas  contained  in  the  stomach  and  boweb 
may  be  thus  enumerated: — 

1.  Air  introduced  in  the  act  of  swallowing  either  food  or  galiva;  i 
Grases  developed  by  the  decomposition  of  alimentary  matter,  or  of  the 
secretions  and  excretions  mingled  with  it  in  the  stomach  and  intestines; 
3.  It  is  probable  that  a  certain  mutual  interchange  occurs  between  the 
gases  contained  in  the  alimentary  canal,  and  those  present  in  the  blood 
of  these  gastric  and  intestinal  blood-vessels;  but  the  conditions  of  the 
exchange  are  not  known,  and  it  is  very  doabtful  whether  anything  like 
a  true  and  definite  secretion  of  gas  from  the  blood  into  the  intestines  or 
stomach  over  takes  place.  There  can  be  no  doubt,  however,  that  the 
intestines  may  be  the  proper  excretory  organs  for  many  odorous  and 
other  substances,  either  absorbed  from  the  air  taken  into  the  lungs  in 
inspiration,  or  absorbed  in  the  upper  part  of  the  alimentary  canal,  again 
to  be  excreted  at  a  portion  of  the  same  tract  lower  down — in  either  case 
assuming  rapidly  a  gaseous  form  after  their  excretion,  and  in  this  way, 
perhaps,  obtaining  a  more  ready  egress  from  the  body.  It  is  probable 
that,  under  ordinary  circumstances,  the  gases  of  the  stomach  and  intes- 
tines are  derived  chiefly  from  the  second  of  the  sources  which  have  been 
enumerated. 


Composition  of  Gases  of  the  Alimentary  Canal. 

(Tabulated  fram  various  authoriHes  by  Brinton.) 


Oomposition  by  Volume. 

Whence  obtained. 

Oxygen. 

Nitrojc. 

Carbon. 
Acid. 

Hydrog. 

4 

38 

8 

6 

19 

Carburet, 
Hydrogen. 

i?e 

Stomach    . 

Small  Intestines     . 

Caecum 

C^olon      . 

Reotum 

Expelled  per  annm 

11 

71 
32 
67 
35 
46 
22 

14 
30 
12 
51 
43 
40 

13 

8 

11 

19 

1     ' 
}  trace. 

i 

The  above  table  differs  little  from  the  average  obtained  by  more 
modern  observers,  but  it  emits  an  important  point  to  which  attention 
should  be  drawn,  viz.,  that  the  amounts  of  the  gases  vary  with  the  diet. 
For  all  practical  purposes  oxygen  and  sulphuretted  hydrogen  may  be 
omitted.  An  analysis  of  the  intestinal  gases  (Ruge,  copied  by  Hallibur- 
ton) in  man  is  as  follows: — 
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GaseB. 

Milk    Diet 

Meat  Diet 

Vegetable    Diet. 

CSarfoon  dioxide  .... 
Hydrogen         .... 
C^urburetted  hydrogen 
Nitrogen 

9  to  16 
43  to  54 

0.9 
36  to  38 

8  to  13 

0.7  to3 

26  to  37 

45  to  64 

21  to  34 
1.5  to  4 
44  to  55 
10  to  19 

Sources  of  the  Carbon  Dioxide. — From  the  carbonates  and  lactates  in 
food;  from  alcoholic  fermentation  of  sugar;  from  putrefaction  of  car- 
bohydrates and  proteids;  and  from  butyric  acid  fermentation. 

Sources  of  the  Hydrogen. — From  butyric  acid  fermentations  of  lactic 
acid — 

2C,H.O,     =    C.HsO,    +    2CO,    +    2H, 
Lactic  Acid.         Butyric  Acid. 

Source  of  the  Carburetted  Hydrogen. — From  the  decomposition  of 
acotateis  and  lactates  and  from  cellulose  (Ce  IIio  O5  +  ^2  0  =  3  CO2  + 
3  CH4). 

Source  of  the  Nitrogen. — The  nitrogen  is  derived  from  the  swallowed 
air. 

Defalcation. 

The  act  of  the  expulsion  of  faeces  is  in  part  due  to  an  increased  reflex 
perisUUtic  action  of  the  lower  part  of  the  large  intestine,  namely  of 
the  sigmoid  flexure  and  rectum,  and  in  part  to  the  more  or  less  volun- 
tary action  of  the  abdominal  muscles.  In  the  case  of  active  voluntary 
efforts,  there  is  usually,  first  an  inspiration,  as  in  the  case  of  coughing, 
sneezing,  and  vomiting;  the  glottis  is  then  closed,  and  the  diaphragm 
fixed.  The  abdominal  muscles  are  contracted  as  in  expiration;  but  as 
the  glottis  is  closed,  the  whole  of  their  pressure  is  exercised  on  the  ab- 
dominal contents.  The  sphincter  of  the  rectum  being  relaxed,  the  evac- 
uation of  its  contents  takes  place  accordingly ;  the  effect  being,  of  course, 
increased  by  the  peristaltic  action  of  the  intestine.  As  in  the  othei 
actions  just  referred  to,  there  is  as  much  tendency  to  the  escape  of  the 
contents  of  the  lungs  or  stomach  as  of  the  rectum;  but  the  pressure  is 
relieved  only  at  the  orifice,  the  sphincter  of  which  instinctively  or  in- 
voluntarily yields. 

Nervous  Mechanism. — The  anal  sphincter  muscle  is  normally  in  a 
state  of  tonic  contraction.  The  nervous  centre  which  governs  this  con- 
traction is  probably  situated  in  the  lumbar  region  of  the  spinal  cord,  in- 
asmuch as  incases  of  division  of  the  cord  above  this  region  the  sphincter 
regains,  after  a  time,  to  some  extent  the  tonicity  which  is  lost  immedi- 
ately after  the  operation.  By  an  effort  of  the  will,  acting  through  the 
centre,  the  contraction  may  be  relaxed  or  increased.  In  ordinary  cases 
the  apparatus  is  set  in  action  by  the  gradual  accumulation  of  faeces  in 
the  sigmoid  flexure  and  rectum,  pressing  by  the  peristaltic  action  of 
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these  parts  of  the  large  intestine  against  the  sphincter,  and  causing  by 
reflex  action  its  relaxation;  this  sensory  impalse  acting  through  the 
hrain  and  reflexly  through  the  spinal  centre.  At  the  same  time  thit 
the  sphincter  is  inhibited  or  relaxed,  impulses  pass  to  the  muscles  of  the 
lower  intestine  increasing  their  peristalsis,  and,  if  necessary,  to  the  ab- 
dominal muscles  as  welL    The  action  of  the  centre  is  therefore  double. 


CHAPTER  IX. 

ABSORPTION. 

Absobption  is  generally  considered  to  consist  of  two  processes;  the 
ftrat.  having  for  its  object  the  introduction  into  the  blood  of  fresh  mate- 
rial, and  which  is  called  absorption  from  without^  takes  place  chiefly 
from  the  alimentary  canal^  and  to  a  less  extent  from  the  skin  and  lungs; 
the  Becond,  haying  for  its  object  the  gradual  removal  of  parts  of  the 
body  itself  when  they  need  removal^  is  called  absorption  from  within^ 
ftnd  takes  place  everywhere  within  the  tissues  of  the  body. 

The  conditions  of  absorption  from  the  alimentary  ciinal  which  may 
be  taken  as  an  example  of  the  first  of  these  processes  are  the  following: 
on  one  side  is  a  fluid  containing  matters  which  have  been  so  acted  upon 
by  the  digestive  juices  as  to  be  in  a  fit  condition  to  be  absorbed.  On 
the  other  side  are  blood-capillaries  and  capillaries  of  the  lymphatic  sys- 
tem, and  separating  the  two  are  epithelium  and  connective  tissue,  as 
veil  as  the  endothelium  of  the  vessels  themselves.  The  problem  which 
has  to  be  considered  is,  how  does  the  fluid  on  the  one  side  of  the 
organic  membrane  reach  the  blood  or  lymphatic  vessel  ?  Until  within 
recent  date  it  was  assumed  that  the  passage  of  the  fluid  from  one  side 
of  this  membrane  to  the  other  came  about  solely  by  definite  physical 
laws,  and  these  were  practically  independent  of  the  vital  condition  of 
the  tissues.  In  the  first  place,  it  was  taught,  came  in  osmosis,  the  pas- 
sage of  fluids  through  an  animal  membrane,  which  occurs  independent 
of  vital  conditions,  and  in  the  next  place  came  in  fiU ration,  the  passiige 
of  fluids  through  the  pores  of  a  membrane  under  pressure.  It  is  now 
believed,  however,  that  there  is  another  factor  concerned  in  absorption, 
viz.,  the  vital  and  selective  action  of  the  epithelium,  and  possibly  of  the 
tisane  which  separates  the  fluid  to  be  absorbed,  from  the  blood  and 
lymph  stream.  About  this  vital  action  of  the  epithelium  very  little 
definite  is  known,  but  the  mere  fact  that  fats  are  principally  absorbed 
in  one  part  of  the  intestine,  and  as  we  shall  see  pass  through  the  cells 
of  the  intestinal  villi,  is  some  evidence  in  its  favor.  It  will  be  as  well 
to  consider  briefly  the  two  physical  processes  of  osmosis  and  filtration. 

Methods  of  Absorption. 

Osmosis. — The  phenomenon  of  the  passage  of  fluids  through  animal 
membrane,  which  occurs  quite  independently  of  vital  conditions,  was 
f  rst  demonstrated  by  Dutrochet.    The  instrument  which  he  employed 
24  ^^ 
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in  his  experiments  was  named  an  endosmometer.     One  form  of  this, 
represented  in  the  figure,  consists  of  a  gniduated  tube  expanded  into  an 
open-mouthed  bell  at  one  end,  over  which  a  portion  of  membrane  is 
tied.     If  the  bell  be  filled  with  a  solution  of  a  salt — say  sodium  chloride, 
and  be  immersed  in  water,  the  water  will  pass  into  the  solution,  sih) 
part  of  the  salt  will  pass  out  into  the  water;  the  water,  however,  will 
pass  into  the  solution  much  more  rapidly  than  the  salt  will  pass  out  into 
the  water,  and  the  diluted  solution  will  rise  in  the  tube.     It  is  to  thig 
passage  of  fiuids  through  membrane  that  the  term  osmosis  is  applied 
The  nature  of  the  membrane  used  as  a  septum,  and  its  affinity  for 
the  fiuids  subjected  to  experiment  have  an  important  iofla- 
ence,  as  might  be  anticipated,  on  the  rapidity  and  dnn- 
tion  of  the  osmotic  current.     Thus,  if  a  piece  of  ordinary 
bladder  be  used  as  the  septum  between  water  and  alcohol, 
the  current  is  almost  solely  from  the  water  to  the  alcohol, 
on  account  of  the  much  greater  aflSnity  of  water  for  thii 
kind  of  membrane;  while,  on  the  other  hand,  in  the  case 
of  a  membrane  of  caoutchouc,  the  alcohol,  from  its  greater 
affinity  for  this  substance,  would  pass  freely  into  the  water. 
Absorption  by  blood-vessols  is  the  consequence  of  their 
walls  being,  like  the  membranous  septum  of  the  endosmo- 
meter,  porous  and  capable  of  imbibing  fluids,  and  of  the 
blood  being  so  composed  that  most  fluids  will  mingle  with 
it.     Thus  the  relation  of  the  chyme  in  the  stomach  and 
intestines   to  the  blood  circulating  in  the  vessels  of  the 
gastric  and  intestinal  mucous  membrane  is  evidently  jnst 
thi;t  which  is  required  for  osmosis.     The   chyme  contains 
Fijf.  .if.2  substances  which   have  been   so  acted  upon    bv  the  di- 

gestive  juices  as  to  have  become  quite  able  to  pass  through 
an  animal  membrane,  or  to  dialyze  as  it  is  called.  The  thin  animal 
membrane  is  the  coat  of  the  blood-vessels  with  the  intervening  mucong 
membrane.  The  nature  of  the  fluid  within  the  vessels,  the  ver}'  feeble 
power  of  diiilyzation  which  the  albuminous  blood  possesses,  determines 
the  direction  of  the  osmotic  current,  viz.,  into  and  not  out  of  the  blood- 
vessels. The  current  is  of  course  aided  by  the  fact  of  the  constant 
change  in  the  blood  presented  to  the  osmotic  surface,  as  it  rapidly  circu- 
lates within  the  vessels.  As  a  rule  the  current  is  from  the  stomach  or 
intestine  into  the  blood,  but  the  reversed  action  may  occur,  when,  for 
example,  sulphate  of  magnesia  is  taken  into  the  stomach,  in  which  case 
there  is  a  rapid  discharge  of  water  from  the  blood-vessels  into  the  ali- 
mentary canal  resulting  in  purgation.  The  presence  of  various  sub- 
stances in  the  food  has  the  power  of  diminishing  the  rate  of  absorption; 
their  influence  is  })robably  exerted  upon  the  membrane,  diminishing  its 
power  of  permitting  osmosis.     Whereas  the  presence  of  a  little  hydro- 


BMoric  acid  in  the  contents  of  the  Btomach  appears  to  detormine  the 

lirection  of  the  osmosis,  or  at  any  rate  to  diminish  or  prevent  exosmosis. 

The  conditions  for  osmosis  exist  not  only  in  the  ulimentary  muttons 

lembrane,  but  also  in  the  serons  cavities  and  the  tissues  elsewhere. 

Various  substjinces  have  been  elaasified  according  to  the  degree  in 

twhich  they  possess  the  property  of  passings  when  in  a  state  of  solution 

I  In  water,  through  membrane;  those  which  pass  freely,  inasmuch  as  they 

kare  usually  capable  of  crystallization,  being  termed  ert/sialioitLsfiind  those 

[which  pass  with  difficulty,  on  account  of  their  physically  glue-like  char- 

ct«r,  mlloidn. 

This  distinction,  however,  between  colloids  and  crystalloids  which 
made  the  basis  of  their  clasfiification,  is  by  no  means  the  only  d  iff  er- 
ics© between  them.     The  colloids,  besides  the  absence  of  power  to  assume 
crystalline  form,  are  chanieteriKed  by  their  inertness  as  acids  or  bases, 
id  feebleness  in  all  ortlinary  chemical  relations.     Examples  of  them 
Imre  found  in  albumin,  gelatin,  starch,  hydniled  alumina,  by d rated  silicic 
|i»cid,etc. ;  while  the  crystalloids  arc  characterized  by  qualities  the  reverse 
I  of  those  just  mentioned  as  helongiug  to  eolloiiis.     Alcohol,  sugar,  and 
ordinary  s«iline  substances  are  examples  of  crystalloids. 

FiUraiioH^  or  transudation,  means  the  passage  of  fluids  through  the 
5res  of  a  membrane  under  prt'jisurc.  '1  he  grt^ater  the  pressure  the 
reator  the  amount  which  passes  through  the  membrane.  Colloids  will 
liter,  although  less  easily  than  crystalloids.  The  nature  of  tlie  subatance 
be  filtered  and  the  nature  of  the  inembraue  which  acts  as  the  filter 
ttiuterially  afFect  the  activity  of  the  process.  No  doubt  both  osmosis 
and  filtration  go  on  together  in  the  process  of  absorption,  An  excellent 
l^^xample  of  filtration  or  tnmsndation  occurs  in  the  pathological  cundition 
^bnown  as  dropsy,  in  which  the  connective  tissues  become  infiltrated 
^nrith  serous  fluid.  The  fluid  passes  out  of  the  vein  when  the  intra-ven- 
^^Dus  pressure  passes  a  certain  point,  the  fluid  being,  as  it  were,  squeezed 
through  the  walls  of  the  vessels  by  this  excess  of  jiressure. 

liftpuh'/tf  ^ff  Ahmrpfion. — The  rapidity  with  which  matters  maybe 
iHiihsorbed  from  the  stomach,  probahly  by  the  blood-vessels  chiefly,  and 
^■diffused  through  the  textures  of  thu  body,  has  been  found  by  experiment. 
^Dt  appeiirs  that  lithium  chloride  may  be  diffused  into  all  the  vascular 
^■textures  of  the  body,  und  into  some  of  the  non*vascular,  as  the  cartilage 
of  the  hip-joint,  as  well  as  into  the  aqueous  humor  of  the  eye,  in  a  quar- 
ter of  an  hour  after  being  given  on  an  empty  stomach.     Into  the  outer 
part  of  the  crystalline  lens  it  may  pass  after  a  time,  varying  from  half 
an  hour  to  an  hour  and  a  half.     Lithium  carbonate,  when  taken  in  five 
or  ten-grnin  doses  on  an  empty  stomach,  may  be  detected  in  the  urine 
in  5  or  10  minutes;  or.  if  the  stomach  be  full  at  the  time  of  taking  the 
dose,  in  20  minutes.     It  may  sometimes  be  detected  in  the  urine,  more- 
^bDver,  for  six,  seven^  or  eight  days. 
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Some  experiments  on  the  absorption  of  yarioas  mineral  and  vegeta- 
ble poisons  have  brought  to  light  the  singular  fact  that^  in  some  cd^^, 
absorption  takes  place  more  rapidly  from  the  rectum  than  from  tie 
stomach.  Strychnia,  for  example,  when  in  solution,  produces  its  jioj. 
sonous  effects  much  more  speedily  when  introduced  into  the  rectum 
than  into  the  stomach.  When  introduced  in  the  solid  form,  howeYer, 
it  is  absorbed  more  nipidly  from  the  stomach  than  from  the  rectum, 
doubtless  because  of  the  greater  solvent  property  of  the  secretion  of  the 
former  than  of  the  latter. 

Conditions  for  Absorption. — 1.  The  diffusibility  of  the  substance  to 
be  absorbed  is  one  of  the  chief  conditions  for  its  absorption— a  col- 
loid, as  we  have  seen,  dialyzes  very  little.  It  must  be  also  in  the  liquid  or 
gaseous  state.  Mercury  may,  however,  be  absorbed  even  in  the  metallic 
state;  and  in  that  state  may  pass  into  and  remain  in  the  blood-vesseU 
or  be  deposited  from  them;  and  such  substances  as  exceedingly  finelj- 
divided  charcoal,  when  taken  into  the  alimentary  canal,  have  been  found 
in  the  mesenteric  veins.  Oil,  minutely  diYided,  as  in  an  emulsion,  will 
pass  slowly  into  blood-vessels,  as  it  will  through  a  filter  moistened  with 
water;  and,  without  doubt,  fatty  matters  find  their  way  into  the  blood- 
vessels as  well  as  into  the  lymph-vessels  of  the  intestinal  canal. 

2.  The  less  fiense  the  fluid  to  he  absorbed,  the  more  speedy ,  as  a  gen- 
eral ruhs  is  its  absorption  by  the  living^blood-vessels.  Hence  the  rapid 
absorption  of  water  from  the  stomach;  also  of  weak  saline  solutions;  but 
with  strong  solutions,  there  appears  less  absorption  into,  than  effusion 
from,  the  blood-vessels. 

3.  The  absorption  is  the  less  rapid  the  fuller  and  tenser  the  blifod-vt*- 
scis  are;  and  the  tension  may  be  so  great  as  to  hinder  altogether  the 
entrance  of  more  fluid.  Thus,  if  water  is  injected  into  a  dog's  veins  to 
roplotion,  jjoison  is  absorbed  very  slowly;  but  when  the  tension  of  the 
vessels  is  diniinishod  by  bleeding,  the  poison  acts  quickly.  So,  when 
(•up|)in«:-glass(.\s  arc  jjlaeed  over  a  poisoned  wound,  they  retard  the  ab- 
sorj^tinn  of  the  jioison  not  only  by  diminishing  the  velocity  of  the  cir- 
culation in  the  part,  but  by  filling  all  its  vessels  too  full  to  admit  more. 

4.  On  the  same  ground,  absorption  is  the  quicker  the  more  rapid  fh^ 
rirtnlatitm  of  thr  Itlund:  not  because  the  fluid  to  be  absorbed  is  more 
quickly  imbibed  into  the  tissues,  or  mingled  with  the  blood,  but  becanse 
as  fast  as  it  enters  the  blood,  it  is  carried  away  from  the  part,  and  the 
blood  being  constantly  renewed,  is  constantly  as  fit  as  at  the  first  for 
the  reception  of  the  substance  to  1)0  absorbed. 

These  four  conditions  are  physical,  but  (5)  the  vital  condition  of  the 
absorptive  epithelium  must  not  be  forgotten.  It  has  been  shown,  for 
exami)le.  that  tlie  absorption  by  the  frog's  skin  is  hastened  by  alcohol 
and  retarded  by  chloroform.  It  appears  also  that  absorption  is  retarded 
rather  than  hastened  by  removal  of  the  intestinal  epithelium. 


Fig.  388.  — DJttiyrftm  ol  the  priocEpal  griiuii^  ^f  Lvnipbatic  ¥t'i<?H?ls  (from  Qimln), 

tissues  is  g^ithered  up  and  curried  back  again  into  the  blood.     This  sya- 
[icra  of  vessels  is  called  the  Lyiupliatic  System,  and  the  vessels  themselves 
ire  numed  Lymphatics  or  Absorbents.     They  have  often  been  incideiftally 
lentioned  in  former  chapters. 

The  principal  vessels  of  the  lymphatic  system  are,  in  structure  and 
genenil  iippeursuiee,  like  very  small  and  thin-waHed  veins.  They  are 
provided  witli  valves.  They  commence  in  fine  microscopic  It/mph-cap' 
4llaries,  in  the  organs  and  tissues  of  the  body,  and  they  end  directly  or 
indirectly  in  two  fcriinks  which  open  into  the  birge  veina  near  the  heart 
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Ftfc.  164.— Bap^rfkM&lljTnph&tlcsofii^hi  groin  tkud  iipp«r|iArt  of  ihiiifh.  |.-1   Up|ier  Incoffttl  * 

{rlnodit.    S,  2^,  homrrar  iti^uinal  or  remoral  glatids.    d«  3'.  Fbziifl  of  lymphatics  in  tb*"  cuurvr  of  rite 
iiD|r  %apheooiM  f«(a.    OlaMra^J 

Tig.  ifO&.-I^rmptiailc  vei«el»  of  the  head  and  neck  and  the  upper  part  of  the  trunk  (MmacHfi^K 
I .  —The  chuet  atid  peHcardluin  har«  been  opened  ou  the  left  iide,  and  the  left  manuDA  dKslActiediadl 
Ihrown  oMlwanl  over  the  left  arm,  no  as  to  expose  a  ervat  part  of  ita  de^\  t*iirfaci*.     The  pr&KiPil  j 
!>  iii|!i)iiiti«'  vefweig  and  g;l/irclA  nre  s.hown  oa  (IteMlde  or  tlie  lifead  and  fact.*,  and  in  the  n«>ck,  axl&i»  | 
aud  iii«*iliriH( iriiirii.    Betwi^u  th<-  It- ft  ititerual  JiigiiLar  vein  and  tbft  coniniQU  cfin^tid  an«f->%  ttuf  ti 
aa^'eikdlnjf  |»nrt  ctf  the  thcvrm-jc  duct  niork^  I.  aud  above  thj«,  and  descending  toi;,  the  arch  a 
fiart  of  tiie duet.    The  t«rmf nation  of  the  upjier  Lviiiphatica  of  the  dtaphra^rni  in  ttie  me' 
l^latuhi,  an  well  aa  t1j«  canliai:  and  the  deep  timrriiiiar>-  lympiiatfcs,  is  alao  shown. 


plititic  i^ysteui  of  veisels  wil]  be  seen  to  pass  through  a  comparatiToij 
large  trunk  called  the  thoracic  dnrf,  which  finally  empties  itg  contenti 
into  the  hlooil'&tream,  at  the  junction  of  the  internal  jugular  and  sub- 
cliivian  veins  of  the  left  aide.  There  is  a  amaUer  duct  on  the  right  side, 
Thf  lyniiThatie  vessels  of  the  intestinal  canal  are  called  lacieah,  because 
during  digestion  the  duid  contained  in  them  resembles  milk  in  appear- 


»;  and  tho  hfmph  in  the  lacteuls  during  the  porio<l  of  digestion  18 
lied  chiilf.  There  ia  no  esseiUiat  distinction,  Jiowever,  hetween  iuetealB 
id  lymphatics.  In  some  parts  of  its  course  the  lyniph-streum  must 
pass  through  hfmphatie  f/hutfh. 

Lympliiitie  vessels  are  distributed  in  neiirly  all 
parte  of  the  body.  Their  existence,  however,  has 
not  yet  been  dntermined  in  the  placenta,  the  inn- 
bilical  eord,  the  menibnines  of  tlie  uvutn,  or  in 
any  of  the  so-called  non-vascular  parts,  as  the 
nailB,  cuticle,  hair,  and  the  like. 

(Jrujin  of  Lipnph  VffpiUurieH. — The  lyiupliatic 
capillaries  commence  most  commonly  either  (/i) 
in  closely  meshed  networks,  or  {h)  in  irregular 
hicunar  spac^cs  between  the  various  slruetnres  of 
which  the  different  organs  are  composed.  Such 
irregular   spaces,   forming   what   is   now    termed 


^ 


Lr-\- 


^^^ 


tt:^*:^^-^ 
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I  lymphitilc*  of  the  foreartn  and  p*Jm  of  the  hand.  J— 5  Two  fimoll  glands 
\  t!w*  bfT)f!  rf  th**  antr    6.  Rutlhil  ivmphiitic  vt^web*     7.  irkiftt  Jyu»|ihAMe  vp>*«'1h.    H,  H.  Palmar 
fch  of  biiijihnik's.    it,  \)\  Utiter  an'tl  iunt-r  ft»?U  nf  ve«sel».     ^    tVphalie  vein,     it    liadial  velo. 
_  MetKiui   vein     /    Ulimr  vHo,    Thi*  lyrnfihatics  aiv  rftpn-w+iit^Ml    a^  tymp  on  the  deep  faacfA. 
0faacaiiriii. ; 

Fte.  SWT  — Urniphaties  of  wntrnl  Unitloii  at  rahba'ts  diaphrngiii.  st/ifntMl  with  Hitver  ritO-at«.  The 
irrxturia  nibetaoce  hoA  been  shndecl  (lla»fri*mniati«illy  U*  hrinif  out  ih**  lyruphatfes  t'learly.  L  l^m- 
plwfiiai  llneU  liy  looi^  namiw  eudf>rhehiU  eelK  luad  flhowing  \\  valves  at  frequeot  inter volik  iSclio- 


the  lymph-canalicular  system,  have  been  shown  to  exist  in  many  tis- 
sues. In  serous  niembniues  such  as  the  omentum  and  mesentery  they 
occur  as  a  connected  system  of  very  irregular  branched  spaces  purtly 
occupied  by  connective  tissue-corpuscles,  and  both  in  these  and  in  many 
other  tissues  are  found  to  coniniuuicate  freely  with  regular  lymphatic 
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vf-^i-.  In  mar.  J  cafe's,  thoogfa  thej  are  formed  mostly  by  theebiiiks 
.:.  1  '  nrjT.;*-?  r^iw^n  the  blood-reneLs,  secretiDg  ducts,  and  other  parti 
w  ;*)<■:.  jTjaj  h-^ppr-n  to  form  the  framework  of  the  organ  in  which  thct 
♦  1.-:.  ::.-y  i.-r  lir.f-i  by  a  distinct  bycr  of  endothelium. 

Ihe  \iL>:\emt.'i  ijSfrT  an  illustration  of  another  mode  of  origiB,  iiamclj, 
I'-i  111  hhn'i  'iiiated  extremities;  bat  there  is  no  essential  diiferenoe in 
•^tru  lUTr  b^iweei.  these  and  the  lymphatic  capillaries  of  other  farts. 

>uurttr-  »t/  L^htfih  CepiUaries, — The  structure  of  lymphatic  capil- 
lar:^-* lt  Tt-ry  eimibr  to  that  of  blood-capillaries:  their  walls  eonsift  of 
u  -ir.glv  layer  of  eioDgtited  endothelial  cells  with  sinuous  outline^  whicli 
cohere  alt^iig  their  edges  to  form  a  delicate  membrane.  They  difer 
from  liIo^KJ  capillaries  mainly  in  their  larger  and  very  Tariable  calibre, 
aiid  in  their  nnmerLOs  communications  with  the  spaces  of  the  lymph- 
caiialicular  system. 

ComtnHrtUationM  of  the  Lymphatics. — The  fluid  part  of  the  Wood 
constantly  eiades  from  or  is  strained  through  the  walls  of  the  blood- 
i'x\i'\\h\T'u'^,  viO  as  to  moisten  all  the  surrounding  tissues,  and  occupies 
tiie  iiiterspaces  which  exist  among  their  different  elements,  which  form 
tiif  be;>inning.s  of  the  lymph-capillaries;  and  the  latter^  theref ore, are  the 
nie:ui.s  of  (collecting  the  exuded  blood  plasma,  and  returning  that  part 
wJMcli  is  not  <lirectly  absorbed  by  the  tissues  into  the  blood-stream.  It 
is  not  necessaiy  to  assume  the  presence  of  any  special  channels  between 
tlie  blood  and  lymphatic  vessels,  inasmnch  as  even  blood-corpuscles  (^ 
[ijiss  ])odily,  without  much  ditiiculty,  through  the  walls  of  the  bloixl- 
capillaries  and  small  veins,  and  could  pass  with  still  less  trouble,  proW 
bly,  through  the  comparatively  ill-defined  walls  of  the  capillaries  which 
(•on tain  lymph. 

It  lias  been  already  mentioned  (p.  29)  that  in  certain  parts  of  the 
body,  stoma  fa  exist,  by  which  lymphatic  capillaries  directly  coniniuni- 
ciitc  witli  parts  hitherto  supposed  to  be  closed  cavities. 

Stornata  have  been  found  in  the  pleura;  and  as  they  nmy  be  pre- 
snuMMi  to  exist  in  other  serous  membranes,  it  would  seem  as  if  the  serous 
cavities,  hitljerto  supposed  closed,  form  but  a  large  lymph-sinus  or 
widenin;!,'  out,  so  to  speak,  of  the  lymph-capillary  system  with  which 
they  (liroetly  communicate. 

Wlieri  a})sorption  into  the  lymphatic  system  takes  place  in  membranes 
(ovchmI  by  e})itlK-linin  or  endothelium  through  the  interstitial  or  iiitcr- 
('(•lliilar  ceinerit-stilistanee,  it  is  said  to  take  place  through  jn«e?ff/o-#/y?;.rt/ff, 
alirad\  alliidccl  to  (p.  30). 

Ih'iitiuistnititm  iif  Lf/)n])JinticH  of  Diaphragm. — The  stomata  on  the  peritoneal 
smi'.icr  ^^i'  thr  diaplua^nii  are  tlio  openings  of  short  vertical  canalR  which  lead 
\i\>  into  the  Ivnipliatics,  and  are  lined  by  cells  like  those  of  germinating  endo- 
tlu'liinn.  r>y  intniducin^^  a  solution  of  Berlin  bloe  into  the  peritoneal  cavitr 
of  an  aniniul  .slioiily  after  ileath.  and  suspending  it,  head  downward,  an  in- 
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jection  of  the  lymphatic  vossels  of  the  iliaphragm,  through  the  stomata  on  its 
peritoneal  surface,  may  readily  be  obtained  if  artificial  respiration  be  carried 
OB  for  about  half  an  hour.  In  tliis  way  it  lias  been  found  that  in  tlie  rabbit 
tbe  lympliatics  are  arranged  between  the  tendon  bundles  of  tiie  centrum  ten- 
dineum ;  and  they  are  hence  ternie<l  interfascicular.  The  centrum  tendineum 
isooated  by  endothelium  on  its  pleural  and  i)eritoneal  surfaces,  and  its  substance 
OonsiBts  of  tendon  bundles  arranged  in  concentric  rings  toward  the  pleural 
side  and  in  radiating  bundles  toward  the  peritoneal  'side. 

The  lymphatics  of  the  anterior  half  of  the  diaphragm  open  into  those  of  the 
anterior  mediastinum,  while  those  of  the  posterior  half  (lass  into  a  lymphatic 
TBBsel  in  the  posterior  mediastinum,  which  soon  enters  the  thoracic  duct. 
Both  these  sets  of  vessels,  and  the  glands  into  wiiich  they  pass,  arc  readily 
injected  by  the  method  alx)ve  descrilxKl ;  and  there  can  be  little  doubt  that 
dnring  life  the  flow  of  lymph  along  these  channels  is  chiefly  caused  by  tlie 
action  of  the  diaphragm  during  respiration.  As  it  descends  in  inspiration, 
the  spaces  between  the  radiating  tendon  bundles  dilate,  and  lymph  is  sucked 
fkoni  the  peritoneal  cavity,  through  the  widely  open  stomata,  into  the  inter- 
fascicular lymphatics.  During  expiration,  the  spaces  between  the  concentric 
tendon  bundles  dilate,  and  the  lymph  is  squeezed  into  the  lymphatics  to.ward 
the  pleural  surface  (Klein).  It  tlnis  appears  probable  that  during  health  there 
is  a  continued  sucking  in  of  lymph  from  the  peritoneum  into  the  lympliatics 
by  the  **  pumping"  action  of  the  diaphragm ;  and  there  is  doubtless  an  equally 
continuous  exudation  of  fluid  from  the  general  serous  surface  of  the  perito- 
neum. When  this  balance  of  transudation  and  absorption  is  disturbed  either 
by  increased  transudation  or  some  impediment  to  absorption,  an  accumulation 
of  fluid  necessarily  takes  place  (ascites) . 

Structure  of  Lymphatic  Vessels. — The  larger  vessels  as  before  men- 
tioned are  very  like  veins^  having  an  external  coat  of  areolar  tissue,  with 
elastic  filaments;  within  this^  a  thin  layer  of  areolar  tissue^  with  un- 
striped  muscular  fibres,  which  have,  principally,  a  circuLir  direction, 
and  are  much  more  abundant  in  the  small  than  in  the  larger  vessels; 
and  again,  within  this,  an  inner  elastic  layer  of  longitudinal  fibres,  and 
a  lining  of  epithelium;  and  numerous  valves.  Tiie  valves,  constructed 
like  those  of  veins,  and  with  the  free  edges  turned  toward  the  heart, 
are  usually  arranged  in  pairs,  and,  in  the  small  verrsels,  arc  so  closely 
placed,  that  when  the  vessels  are  full,  the  valves  constricting  them 
where  their  edges  are  attached,  give  tliem  a  peculiar  beaded  or  knotted 
appearance. 

The  Lymph  Flow. 

The  flow  of  the  lymph  toward  the  point  of  its  discharge  into  tlie  veins 
is  brought  about  by  several  agencies.  With  the  Jielp  of  tJie  valvultir 
mechanism  (1)  all  occasional  pressure  on  the  exterior  of  the  lymphatic 
and  lacteal  vessels  propels  the  lymph  onward:  thus  muscular  and  otlior 
external  pressure  accelerates  the  flow  of  the  lymph  as  it  does  that  of 
the  blood  in  the  veins.     Tlie  actions  of  (2)  the  mus'jular  fibres  of  the 
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small  intestine,  and  probably  the  layer  of  unstriped  muscle  present  in 
each  intestinal  Yillus,  seem  to  assist  in*  propelling  the  chyle:  for,  in  the 
small  intestine  of  a  mouse,  the  chyle  hae  been  seen  moving  with  inter- 
mittent propulsions  that  appeared  to  correspond  with  the  peristaltic 
movements  of  the  intestine.  But  for  the  general  propulsion  of  the 
lymph  and  chyle,  it  is  probable  that,  together  with  (3)  the  vis  a  terg^ 
resulting  from  absorption  (as  in  the  ascent  of  sap  in  a  tree),  and  from 
external  pressure,  some  of  the  force  may  be  derived  (4)  from  the  con- 
tractility of  the  vessers  own  walls.  The  respiratory  movements,  ak., 
(5)  favor  tlie  current  of  lymph  through  the  thoracic  duct  as  they  do  the 
current  of  blood  in  the  thoracic  veins. 

Lymph-Hearts.— In  reptiles  and  some  birds,  an  important  auxiliar}-  U)  the 
movement  of  the  lymph  and  chyle  is  supplied  in  certain  tniucular  sacs,  naim^ 
lymph-hearta.  and  it  has  been  shown  that  the  caudal  heart  of  tlie  eel  is  a 
lympli-lieart  also.  The  number  and  position  of  these  organs  var>'.  In  fpogi 
and  toads  there  are  usually  four,  two  anterior  and  two  posterior ;  in  the  frog, 
the  posterior  lymph -Iieart  on  each  side  is  situated  in  the  isehiatic  region,  just 
beneuth  the  skin  ;  the  anterior  lies  deeper,  just  over  the  transverse  process  of 
tlie  third  vertt^bra.  Into  each  of  these  cavities  several  lymphatics  open,  the 
orifices  of  the  vessels  being  guarded  by  valves,  which  prevent  the  retrograik 
p{iHsage  of  the  lymph.  From  each  heart  a  single  vein  proceeds,  and  convej* 
the  lymph  directly  into  the  venous  system.  In  the  frog,  the  inferior  lymphatic 
heart,  on  each  side,  |K)urs  its  lymph  into  a  branch  of  the  isehiatic  vein ;  br 
tiio  8iiiK>rior.  tlie  lymph  is  forced  into  a  branch  of  the  jui^ulax  vein,  which 
i88Ut»s  fri)in  its  anterior  surface,  and  which  becomes  turgid  each  time  that  the 
sue  contracts.  Blooil  is  prevented  from  passing  from  the  vein  into  the  lym- 
phatic heart  by  a  valve  at  its  orifice. 

The  muscular  coiit  of  these  hearts  is  of  variable  thickness  ;  in  some  cases  it 
can  only  Ih'  discovere<l  by  means  of  the  microscope ;  but  in  every  case  it  is 
coiniH)sc<l  of  striiHHl  fibres.  The  contractions  of  the  hearts  are  rhythmical, 
oc<'urrin^  alnrnt  sixty  times  in  a  minute^  slowly,  and.  in  comparison  with 
tlK>se.of  the  I )Ux)d- hearts,  feebly.  The  pulsations  of  the  cervical  pair  are  Dot 
always  synchronous  with  those  of  the  pair  in  the  isehiatic  region,  and  even 
the  corri^iK>ndiug  sacs  of  opposite  sides  are  not  always  synchronous  in  their 
actitm. 

Unlike  the  contractions  of  the  blood-heart,  those  of  the  lymph-heart  appear 
to  Ih*  directly  dciK»ndent  ujnm  a  certain  limited  portion  of  the  spinal  cunJ. 
For  Volkniann  fountl  that  so  long  as  the  portion  of  spinal  cord  corresponding 
to  the  thirtl  vertebni  of  the  frog  was  uninjured,  the  cervical  pair  of  lymphatic 
hearts  continued  pulsating  after  all  the  rest  of  the  spinal  cord  and  the  brain 
wen*  ilostroyed  ;  while  destruction  of  this  portion,  even  though  all  otlier  parts 
of  the  nervous  centres  were  uninjured,  instantly  arrested  the  heart's  move- 
ments. The  iK)sterior.  or  isehiatic,  pair  of  lymph-hearts  were  foimd  to  l* 
governed,  in  like  manner,  by  the  portion  of  spinal  cord  corresponding  to  the 
eighth  vertt4)ra.  Divisiijn  of  the  posterior  spinal  roots  did  not  arrest  the  move- 
ments; but  division  of  the  anterior  roots  caused  them  to  cease  at  once. 

Lymphatic  Glands. — Lymi)btitic  glands  are  small  round  or  oval 
compact  bodies  varying  in  size  from  a  hemp-seed  to  a  bean,  interposed 
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coarse  of  the  lynjpliatic  vessels,  and  througli  whi^li  tlie  €hief  purt 
the  Ijmpli  passes  in  its  course  to  be  tiischsirged  into  the  blood-vessele^. 
^ey  are  found  in  great  numbers  in  the  mesentery,  and  along  the  greiit 
ds  of  the  abdomen^  thorax^  and  neck;  in  tlie  axilk  and  groin;  a 
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I  of  A  mesenteric  k^biuI  Trwii  tht«  ox,  KlJ^bily  mugnirieil.   a,  HiluR :  b  Hu  the 
rpttrt  of  the  flanirej,  fiieduUary  HiihHlaur e  i  c,  eortk-«l  BubHtantv  witK  indiHtinct  ii.lveuU;  cj, 
tKOUikerj 


Bw  in  the  popliteal  spacer  but  not  further  down  the  leg,  Jind  in  the 
as  far  as  the  elbow.     Some  lymphatics  do  not,  however,  pass  through 
ida  before  entering  the  thoniciL-  duct. 

Structure. — A  lymphatic  gland  Is  covered  externally  by  a  capsule  of 
"eonnective  tissiitj',  generally  containing  some  unstriped  mnsde.     At  the 
itirier  v^^de  of  the  gland,  which  is  somewhat  concave  (kilus),  (tig,  208,  u). 
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I'l^.  SUD— *?*Ttlon  of  m«?«lMllttrv  s*ibataocf5  of  au  Injitiliml  Klancl  of  an  oi.  n,  n,  i^landiiltu- sub 
iCwiKy?  «r  tiulp  fonntxiK  r»ututeil  ebrdu  j>Iii[iik  In  a.  i^tiiiiinuoitH  nH  (lUirlE  In  the  llifnrwV;  r,  c,  tra 
b«culJC^:  the  Kp*c«i,  h,  b,  lietwe^n  t\w.^  and  the  fflao«lnlar  milistaDce  Is  tht?lympli  ainns.  wcL^UiedetiMU 
of  eorpuBcliw  ttud  trarerNd  by  ftljunentn  o(  retifDmi  connectlTe-tliMU©,    x  ^^     (K^'Ullker,  > 

the  capsule  sends  inward  processes  called  (rabeadm  in  which  the  blood- 
Teasels  are  contained,  and  these  join  with  other  processes  prolonged  from 
L  the  inner  surface  of  the  part  of  the  capsule  covering  the  convex  or  outer 
^nart  of  the  gland;  they  have  a  structure  similar  to  that  of  the  capsule, 
^  and  entering  the  gland  from  all  sides,  and  freely  communicating,  form 
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a  fibrous  gupportiiig  stroma,  Tbe  interior  of  the  gland  is  seen  on  ««- 
tion,  even  when  examined  with  the  naked  eye,  to  be  made  up  of  hro 
parts*  an  outer  or  mriical  (^g,  270,  r,  r),  which  \b  light  colored,  sod  to 
inner  of  redder  appearance,  the  mcduUartf  portion  (fig.  ^68).  In  tin 
outer  or  norticul  part  of  the  gland  (fig*  2tO)  the  intervalB  betireec  \h 
tnibecnla?  are  comparatively  hirge,  and  form  more  or  less  triangolir  ia- 
terromnnini«ating  spaces  termed  nheoJi;  while  in  the  more  centnlor 
niedullury  part  is  a  finer  meshwork  formed  by  the  more  free  anastomose 
of  the  trabecular  process.  Within  the  alveoli  of  the  cortex  and  in  ibe 
mesh  work  fornied   by  the  traboculae  in  the  medulla^  is  containej  tin 


ii^: 


m^i> 


Ftjr.  270  — DlftgrammAtlr  af^tkin  of  l>niiphAtic  gland.  oJ..  afferent ;  tL.^V^ 
C  conk'HlKuhsiAiJce;  /.A.,  tt^tictiiAtiiii^  cord*  of  fneijulijuy  0ub«(iui«tf :  f,»,,  lyiu|>Ji 
ci>at  seudjii^  lu  trulMn^ula* ;  ^n«  tuU>  the  subetonce  of  tba  g^lAnd.    (SliAi-pegr. / 

proper  gland  structure.  In  the  former  it  is  arranged  as  fidlows:  occu- 
pying the  central  and  chief  part  of  each  alveolus  iaa  more  or  less  wedge- 
shaped  mass  of  adenoid  tissue,  densely  packed  with  lymph  corpuacl«: 
but  at  the  periphery  surrounding  the  central  portion  and  immediai' 
next  the  capvsule  and  tnibceulte,  is  a  more  open  meshwork  of  adtns' :: 
tissue  eonstitutiug  the  lymph  sinus  or  channel^  and  containiDg  fewer 
lymph-corpuscles.  Tbe  central  mass  is  inclosed  in  endothelinm,  the 
cells  of  which  join  by  their  processes,  the  processes  of  the  adenoid  frames 
work  of  the  lymph  sinus.  The  tr4ibecul» are  also  covered  with  endetbe- 
Hum.  The  lining  of  the  centnd  mass  tloea  not  prevent  the  pas&ige  of 
fluids  and  even  of  corpuscles  into  the  lymph  sinus.  The  framework  of 
adenoid  tissue  of  the  lymph  sinus  is  nucleated,  that  of  the  centn\l  mm 
is  non-nucleated.     At  the  inner  j>art  of  the  alveolus,  the  wedge-shaped 
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iltiml  miuis  divides  into  two  or  more  siiuiller  rounded  or  cord-! ike 

^inea  which  joiuijig  with  those  from  the  other  aiveoti,  form  a  mu^^h 

tktoer  »rmngemeiit  of  the  gland  tissue  than  in  the  cortex;  splices  (fig, 

^*l»  b)f  are  left  within  those  anastomosing  cords,  in  whirdi  are  found 

fOTtbofi  of  the  tmbecidar  mesh  work  and  the  continuation  of  the  lymph 

The  essential  strneture  of  lymphatic-gland  suhstanne  resembles  that 
Itieb  was  described  as  existing,  in  a  simple  form,  in  the  interior  of  the 
iUiy  ind  agminated  intestinal  foHieles. 
The  lymph  enters  the  gland  by  several  afferent  vessels^  which  open 


i«iiilar  HuLfslaU'-es  rr-'-rn  uin.  h  all  lu'    i  f-  w  nf  ibe  lymph  cnrputiclws 

mrv  bt?eo  injioied^  and  txr*^  ilark  in  the  rjj;ure>;  0,  b,  Ij^iui>h-alnu&.  of  virhlch  llie  retJ- 
loaly^tc,  c.    X  »»Ci.    (Kttllik.;r* 


ith  the  capaule  into  the  lymph-channel  or  lymph-path;  at  the  same 
time  they  lay  aside  all  their  coats  except  the  endothelial  lining,  which 
^Jf  continuous  with  the  lining  of  the  lympb-path.  The  effhrnt  vessels 
fill  in  the  medullary  part  of  the  gland,  and  are  continuous  with  the 
Kpcith  here  as  the  afferent  vessels  were  with  the  cortical  portion; 
idothelium  of  one  i«  continunus  with  that  of  the  other. 
The  efferent  vessels  leave  the  gland  at  the  hilus^  the  more  nr  less 
ive  inner  side  of  the  gland,  and  generally  either  at  once  or  very 
lifter  join  together  to  fonn  a  single  vessel. 
Blood-vessels  which  enter  and  leave  the  gland  at  the  bilus  are  freely 
itribottd  to  the  tnibecular  tissue  and  to  the  gland-pnlp. 
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The  Lymph  and  Chyle. 
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L^mph  \Bj  ander  ordinary  circamstances,  a  clear,  transparent,  uA 
vellowifih  fluid,  of  a  specific  gravity  varying  from  1012 — 1022.  It  ii 
devuid  of  smell,  is  slightly  alkaline,  and  has  a  saline  taste.  As  seen  witk 
the  microscope  in  the  small  transparent  vessels  of  the  tail  of  the  tid- 
pole,  it  usually  contains  no  corpuscles  or  particles  of  any  kind;  and  itii 
only  in  the  larger  trunks  that  any  corpuscles  are  to  be  found.  These 
corpuscles  are  similar  to  colorless  blood -corpuscles.  The  fluid  in  whid 
the  corpuscles  float  is  albuminous,  and  contiiins  no  fatty  particles;  bat 
is  liable  to  variations  according  to  the  general  state  of  the  blood,  and  to 
that  of  the  organ  from  which  the  lymph  is  derived.  It  may  clot  on  ex- 
posure to  the  air.  As  it  advances  toward  the  thoracic  duct,  after  fjass- 
ing  through  the  lymphatic  glands,  it  becomes  spontaneously  coagulable 
and  the  number  of  corpuscles  is  much  increased. 

C/tt/le,  found  in  the  lacteals  after  a  meal,  is  an  opaqne,  whitish,  milk? 
fluiri,  neutral  or  slightly  alkaline  in  reaction.  Its  whiteness  and  opacity 
are  due  to  the  presence  of  innumerable  particles  of  oily  or  fatty  matter, 
of  exceedingly  minute  though  nearly  uniform  size,  measuring  on  the 
average  about  jy  J„,7  of  an  inch  (O.8/1).  These  constitute  what  is  termed 
tlie  mnhrular  base  of  chyle.  Their  number,  and  consequently  the  opac- 
ity of  the  chyle,  are  dependent  upon  the  quantity  of  fatty  matter  con- 
tained ill  the  food.  The  fatty  nature  of  the  molecules  is  miide  manifest 
by  their  solubility  in  ether.  Each  molecule  probably  consists  of  a  drop- 
let of  oil  coated  over  with  albumen,  in  the  manner  in  which  minute 
drops  of  oil  always  become  covered  in  an  albuminous  solution.  This  is 
proved  when  water  or  dilute  acetic  acid  is  added  to  chyle,  many  of  the 
molecules  are  lost  sight  of,  and  oil-drops  appear  in  their  place,  as  the 
investments  of  the  molecules  have  been  dissolved,  and  their  oily  con- 
tents have  run  together. 

Excej)t  these  molecules,  the  chyle  taken  from  the  villi  or  from  lac- 
teals near  them,  contains  no  other  solid  or  organized  bodies.  The  fluid 
in  which  the  molecules  float  is  albuminous,  and  does  not  spontanconsly 
coagulate.  But  as  the  chyle  passes  on  toward  the  thoracic  duct,  and 
especially  while  traversing  one  or  more  of  the  mesenteric  glands,  it  is 
elaborated.  The  quantity  of  molecules  and  oily  particles  gradually  di- 
minishes; cells,  to  which  the  name  of  cliyh-corpusdes  is  given,  appear 
in  it;  and  it  acquires  the  property  of  coagulating  spontaneously.  The 
higher  in  the  thoracic  duct  the  chyle  advances,  the  greater  is  the  num- 
ber of  cliyle-corpuscles,  and  the  larger  and  firmer  is  the  clot  which  forms 
in  it  when  witlidrawn  and  left  at  rest.  Such  a  clot  is  like  one  of  blood 
witliout  the  red  corpuscles,  having  the  chyle-corpuscles  entangled  in  it, 
and  the  fatty  matter  forming  a  white  creamy  film  on  the  surface  of  the 
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Bemm.  But  the  clot  of  chyle  is  softer  and  moister  than  that  of  blood. 
lake  blood,  also,  the  chyle  often  remains  for  a  long  time  in  its  vessels 
without  coagulating,  but  coagulates  rapidly  on  being  removed  from  them. 
The  existence  of  the  materials  which,  by  their  union,  form  fibrin,  is, 
therefore,  certain ;  and  their  increase  appears  to  be  commensurate  with 
that  of  the  corpuscles. 

The  structure  of  the  chyle-corpuscles  was  described  when  speaking 
of  the  white  corpuscles  of  the  blood,  with  which  they  are  identical.  The 
hfmph,  in  chemical  composition,  resembles  diluted  plasma,  and  from  what 
has  been  said,  it  will  appear  that  perfect  chyle  and  lymph  are,  in*essen- 
iial  characters,  nearly  similar,  and  scarcely  differ,  except  in  the  prepon- 
derance of  fatty  and  proteid  matter  in  the  chyle. 

Chemical  Ck>MF08inoN  of  Ltmph  and  Chyle. 

L  n.  in. 

Lympb.  Chyle.  Mixed  Lvmph  A 

(Donkey).  (Donkey).  Chyle  (Human). 

Water 96.636  90.287  90.48 

Solids 8.454  9.768  9.52 


Solids— 

ProteidB.  including  Serum-Albu 

min,  Fibrinogen,  and  Globulin. 

Extractives,  including  in  (I  and  i 

II)    Sugar,  Urea,    Leucin   and  • 

Cholesterin  .  .   i 

Fatty  matter  and  Soaps  a  trace  3.601  .92 

Salts .585  .711  .44 


1.820  8.886  7.08 

1.559  1.565  1.08 


Quantity, — The  quantity  which  would  pass  into  a  cat's  blood  in 
twenty-four  hours  has  been  estimated  to  be  equal  to  about  one-sixth  of 
the  weight  of  the  whole  body.  And,  since  the  estimated  weight  of  the 
blood  in  cats  is  to  the  weight  of  their  bodies  as  1  tc^  7,  the  quantity  of 
lymph  daily  traversing  the  thoracic  duct  would  appear  to  be  about  equal 
to  the  quantity  of  blood  at  any  time  contained  in  the  animals.  By  an- 
other series  of  experiments,  the  quantity  of  lymph  traversing  the  tho- 
racic duct  of  a  dog  in  twenty-four  hourv  was  found  to  be  about  equal  to 
two-thirds  of  the  blood  in  the  body. 

Channels  of  Absorption. 

7%«  Lacteals. — During  the  passage  of  the  chyme  along  the  intestinal 
canal,  its  completely  digested  parts  are  absorbed  into  the  blood  and 
distributed  in  the  mucous  membrane.  The  absorption  into  both  sets  of 
yessels  is  carried  on  most  actively  hit  not  exclusively,  in  the  villi  of  the 
small  intestine;  for  in  them  both  the  capillary  blood-vessels  and  the 
lacteals  are  brought  almost  into  contact  with  the  intestinal  contents. 
There  seems  to  be  no  doubt  that  absorption  of  fatty  matters  during 
digestion,  from  the  contents  of  the  intestines,  is  effected  chiefly  through 
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th©  epithelial  cells  which  line  the  intestinal  tract,  and  esi>^ 
which  clothe  thtf  gurfac^j  of  the  villi.     Thence,  the  fattj  [ 
fiasscd  on  into  the  interior  of  the  lactesil  resfiels^  but  bow  tbej  | 
what  biws  govern  their  piisstige,  are  not  at  present  exactly  knowth    lu 
lymph-corpuscles  of  the  villi  are  however,  in  some  animuls,  f^,,  them 
and  frog,  imjiortant  agenU  in  effecting  the  [jassiigo  of  fjit-partifleg  jnit 
the  Incteals,     These  cells  t-ike  up  the  fat  which  has  piisfied  through  tk 
columnar  oelk  and  then,  bj  reason  of  their  amaeboid  movemeatj^carn 


Tig,  Ti2,—Bectkm  of  the  vlllai  of  *  mt  killed  du  Hnir  fAt  alidnrptiati.    fp,  eplibelfmii ;  air,  tfrfaioi 

rder;  c,  lyrnith-wllB  :  c\  lyoiph-ceUs  inUieepitlielluai;  I,  ctminU  lftct«al  < '* — ^'^ *^- 

lyiiipli-corpUHCles. 


border;  r,  lymith-n^llK  ;  c\  Imiph-ceUs  in  Lhe  enitlielluiii;  I,  ctmtral  la 


loontaJiilo^  ditfategnllil 


it  in  to  the  lactGiil.     When  arrived  there  they  bre^ik  up  and  set  free 
both  fat  and  proteid  matter  thereby. 

The  process  of  absorption  is  assisted  by  the  preasure  exercised  on 
the  contents  of  the  intOBtines  by  their  contractile  walls;  and  the  absorj^ 
tion  of  fatty  particles  is  also  facilitated  by  the  presence  of  the  bile,  and 
the  pancreatic  and  intestinal  secretions,  which  moiaten  the  absorbiog 
surface. 

The  Ltjwphaiira^ — The  lymph  is  diluted  liquor  mnguinin,  which  ii 
always  exuding  from  the  biood-ciipillaries  into  the  interelicea  of  the  tis- 
snes  in  which  they  lie;  and  as  these  interstices  form  in  most  parta  of 
the  botly  the  beginnings  of  the  lymphatics,  the  source  of  the  lymph  ii 
sufficiently  obvious.  In  connection  with  this  may  be  mentioned  the 
fact  that  changes  in  the  character  of  the  lymph  correspond  very  closely 
ith  changes  in  the  character  of  either  the  whole  mnm  of  blood,  or  of  that 
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tlie  vessels  of  the  part  from  which  the  Ijmph  is  exuded.  Thus  it  ap- 
that  the  cuagukbility  of  the  lymph,  although  always  less  than,  is 
[directly  proportionate  to  that  of  the  blood;  and  that  when  fluids  are  in* 
|ected  into  the  blood-vessels  in  euffieient  quantity  to  disteud  them,  the 
iujected  substance  may  be  almost  directly  afterward  found  in  the 
Ijrmphaties, 

Some  other  matters  than  those  originally  contained  in  the  exuded 
liquor  sanguinis  may,  however,  find  their  way  with  it  into  the  lymphatic 
trasela.  Parts  which  having  entered  into  the  composition  of  a  tissue, 
ind,  having  fulfilled  their  purpose,  require  to  he  removed,  may  not  be 
altogether  excrementitious,  but  may  admit  of  being  reorganized  and 
adapted  again  for  nutrition;  and  these  may  be  absorbed  by  the  lym- 


Wtg.  973.~Mticoitt  membrane  of  frofr*fl  fntefttme  durfnr  frnt  absonpikvo.  ^,  epttbeUiun;  ttr.  striated 
border;  C,  lymph  wrpiifK-Wn  ;  f.  lacteHl.    (E.  A.  BcBifer.) 

phatics,  and  elaborated  with  the  other  contents  of  the  lymph  in  passing 
through  the  glands. 

The  Blood-  W'sseis.—ln  the  absorption  by  the  lymphatic  or  lacteal 
Tessels  just  described  there  appears  something  like  the  exercise  of  choice 
in  the  materials  admitted  into  them.  This  is  not  the  case  with  the 
blood-vessels;  it  appe^irs  that  every  substance,  whether  gaseous,  liquid, 
or  a  soluble,  or  minutely  divided  solid,  may  he  absorbed  by  the  blood- 
vessels, provided  it  is  capable  of  perme^iting  their  walls,  and  of  mixing 
with  the  blood. 

Where  Absorption  May  Take  Place. 

/;*  the  Alimeniarif  CanaL — Tbe  greatest  activity  of  absorption  occurs 
in  tbe  alimentary  canaL  In  it  the  materials  of  the  duly  digested  food 
find  their  way  by  means  of  this  process  on  the  one  hand  into  the  blood- 
vessels of  the  portal  circulation,  and  on  the  other  into  the  hicteal  vessels 
which  are,  as  we  shall  see  presently,  the  commencements  of  the  lym- 
phatic vessels  of  the  intestines. 

Through  the  Skhu^lt  has  been  shown  that  metallic  preparations 
rubbed  into  the  skin  have  the  same  action  as  when  given  internally, 
only  in  a  less  degree.  Mercury  applied  In  this  manner  exerts  its  spe- 
25 
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cific  influence  upon  syphilis,  and  excites  salivation;  potasfio'tiirtnitc  of 
aotimoiiy  may  excite  vomiting,  or  an  eruption  extending  over  the  whole 
body;  and  arsenic  mtiy  produce  poisonous  effects.  Vegetable  matters, 
also,  if  soluble,  or  already  in  solution,  ^ivo  rise  to  their  j>eculiar  elfecU^ 
as  cathartics,  narcotics,  and  the  like,  when  rubbed  into  the  skin.  The 
effect  of  rubbing  is  probably  to  convey  the  particles  of  the  matter  into 
the  orifices  of  the  glands,  whence  they  are  more  readily  absorbed  than 
they  would  be  through  the  epidern.is.  When  simply  left  in  contact 
with  the  skin,  substances,  unless  in  a  lluid  state,  are  seldom  absorbed. 

It  has  long  been  a  contested  ffUGstion  whether  the  skin  covered  with 
the  epidermis  has  the  power  of  absorbing  water;  and  it  is  a  point  the 
more  difficult  to  deteroiitie  because  the  skin  lose^  water  by  evapomtioiL 
But,  from  the  result  of  man}'  experimente,  it  may  now  be  regarded  as  a 
wcrll-ascertiiined  fact  that  such  absorption  really  occurs.  The  abaorption 
of  water  by  the  surface  of  the  body  may  take  place  in  the  lower  animali 
very  rapitlly.  Not  only  frogs,  wiiich  have  a  thin  skin,  but  lizards,  in 
which  the  cuticle  is  thicker  than  in  man,  after  having  lost  weight  by 
being  kept  for  sometime  in  a  dry  atmosphere, are  found  to  rw-ovor  both 
their  weight  and  plumpness  very  rapidly  when  immersed  in  water. 
When  merely  the  tail,  posterior  extremities,  and  posterior  part  of  the 
body  of  the  lixard  are  immersed,  the  water  absorbed  is  distributed 
throughout  the  sj^stem.  And  a  like  absorption  through  the  skin,  though 
to  a  less  extent,  may  take  place  also  in  num. 

In  severe  cases  of  dysphagia,  when  not  even  fluids  can  be  taken  into 
the  stomach,  immersion  in  a  bath  of  warm  water  or  of  milk  and  water 
may  assu^ige  the  thirst;  and  it  has  been  found  in  such  eases  that  the 
weight  of  the  body  is  increased  by  the  immersion.  Sailors  also,  when 
destitute  of  fresh  water,  find  their  urgent  thirst  allayed  by  soaking  their 
clothes  in  salt  water,  and  wearing  them  in  that  state;  but  those  effects 
are  in  part  due  to  the  hindrance  to  the  evaporation  of  water  from  the 
skin. 

Through  the  Lnngs. — It  is  a  remarkable  fact  that  not  only  is  the 
epithelium  of  the  pulmonary  air  vesicles  able  to  allow  the  {Nusagie 
through  it  of  giises  and  volatile  substances,  but  that  also  under  certabi 
conditions  fluids  such  as  water  may  also  be  absorbed,  and  besides  this, 
the  presence  of  carbon  particles  in  the  bronchial  glands  and  ©Isewbcrt 
in  connection  with  the  lungs  must  point  to  the  pulmonary  epithelium 
as  the  only  possible  channel  of  their  absorption. 


CHAPTER  X. 

EXCRETION. 

We  have  now  considered  the  methods  by  which  the  food  is  digested 
and  prepared  for  absorption  as  well  as  the  methods  by  which  the 
changed  materials  roach  the  general  blood-stream^  either  by  means  of 
the  lymphatics  of  the  intestinal  walls  or  by  the  capillaries  of  the  portal 
circulation.  The  most  diiBcult  problems  of  physiology  yet  remain  to  be 
diBOUssed,  and  these  are  those  concerned  with  the  exact  changes  which 
take  place  in  the  tissaes  and  organs  of  the  body^  when  they  are  supplied 
with  the  food  necessary  for  their  life.  In  order  to  be  in  a  condition  to 
diBCUSs  these  questions  from  the  best  possible  stand  pointy  it  will  be  as 
well  first  of  all  to  consider  the  forms  in  which  the  waste  materials  re- 
anlting  from  the  metabolism  of  the  tissues  leave  the  body,  and  the 
methods  of  their  elimination.  This  has  to  a  certain  extent  been  already 
considered;  we  have  seen  how  carbon  dioxide  and  other  matters  are  elim- 
inated by  the  lungs,  and  further,  we  have  devoted  some  time  to  the  con- 
sideration of  the  amount  and  composition  of  the  faeces.  The  highly 
important  functions  of  the  kidneys,  in  excreting  the  urine,  and  of  the 
akin  remain,  and  it  is  to  these  that  we  must  now  direct  our  attention. 

The  Structure  and  Functions  of  the  Kidneys. 

The  kidneys  are  two  in  number,  and  are  situated  deeply  in  the  lum- 
bar region  of  the  abdomen  on  either  side  of  the  spinal  column  behind 
the  peritoneum.  They  correspond  in  position  to  the  last  two  dorsal  and 
two  upper  lumbar  vertebrse;  the  right  being  slightly  below  the  left  in 
consequence  of  the  position  of  the  liver  on  the  right  side  of  the  abdo- 
men. They  are  about  4  inches  long,  2^  inches  broad,  and  1^  inches 
thick.     The  weight  of  each  kidney  is  about  4^  oz. 

Structure. — The  kidney  is  covered  by  a  tough  fibrous  capsule,  which 
is  slightly  attached  by  its  inner  surface  to  the  proper  substance  of  the 
organ  by  means  of  very  fine  fibres  of  areolar  tissue  and  minute  blood- 
vessels. From  the  healthy  kidney,  therefore,  it  may  be  easily  torn  off 
without  injury  to  the  subjacent  cortical  portion  of  the  organ.  At  the 
hilus  or  notch  of  the  kidney,  it  becomes  continuous  with  the  external 
coat  of  the  upper  and  dilated  part  of  the  ureter  (fig.  274). 

On  dividing  the  kidney  into  two  equal  parts  by  a  section  carried 
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b  Um  lone memwex  h&rier  (0^  'he  mnin  part  of  its  sabstaflce 

a  WBtm  to  te  mmifmtd  of  two  ekdt  m  called  respect ivelj  (wiied 

ft&d  wmt<dmiimy^  tbe  latS«r  liei&g  alio  acimetimes  cailled  p^amidal^  frua 
tlip  Ci0t  of  its  h^m  ewpnicd  of  sbont  a  cfozeti  eonicdl  bonoles  of  urine 
tmhm^  mA  hmnOm  ftrnteg  what  is  cslWI  a  prrimid.  The  upp«r  part 
of  ti»e  mrd€r  or  doct  of  the  orfmo,  ta  dibt^  into  the  peJvis  ;  and  ibis, 
^jua^afitis  w|Miiliiig  into  two  or  thr^  principal  dirisions,  iaiJTTiallv 
ioUmdid  iato  imi  naalkr  portioiia.  Tarring  in  number  from  siInuu  B 
to  12t  or  ef €11  iiior««  and  caOed  mJf€^,  Rich  of  tboae  little  calfr-ea  or 
CQpit  vhkb  are  often  arranged  in  a  donbia  row»  receives  the  poioied 


Sfe\ 


r%^i»L 


rm^ia%. 


ns.t74— FtoBoTAloiigifeadinai  aectioD  tiironitll  tte  pelTii  and  substaiioe  of  ttie  ritfbmdMr, 
)|:a/lbBQortlc»l«tetaiic9:  ft.  fr.  browtpwioff  tkepTimiiifdior  Xaipii^i:  r,  c  tlw  difAnscriht 
fKivli  tttaned  taljcem^  laid  opea :  c'.  ftt*^  oi  i  b< jete  auouent^J :  d,  flumnDli  of  the  pynunldc  cC  l«f4kD 
pitrjBctiog^  into  calroes :  r,  e.  «ectkti  .     ^  t«ro  pyramid^iieiur  tbe  o«Itc«:  p.pd« 

~^ '  .  »    T  ,  i ...       _  _  ,  ^j^  ureter:  jf,  tli«9  ciDU*:  ft.  iJie  Itilii*. 

icftj  substanoif  of  the  kSdoey.    b  Tlieegr 


lyojaetip^  into  calroe* :  t,  e.  ttectlcti 
visor  enliingnl  diviitoiM  or  tlie  uret*^ 

Pig.  ^r^— X  Portlooof  AflecretiL^ 
tlM!li«ror  glatid  cdli.    x  7D0  UmM. 


extremity  or  papilla  of  a  pyramid,  Sometiraea,  however,  more  than  one 
papilla  is  received  by  a  calyx. 

The  kidney  is  a  compotind  tubular  gland,  and  both  its  corticsil  ikui 
medullary  portions  are  composed  essentially  of  lubes,  the  tuhtiJi  urini- 
ftfri,  which,  by  one  extremity,  in  the  coriical  portion,  end  commonly  in 
little  Siiceules  containing  blood-veesels,  called  Malpiffhimt  bodies,  Jifld,, 
by  the  other,  opcntnl  through  the  papillie  into  the  pelvis  of  the  kiduey, 
and  thus  discharge  the  nriue  which  flows  through  them. 

In  the  pyramids  the  tubes  are  chiefly  straight— dividing  and  diverg- 
ing as  they  ascend  through  these  into  the  cortical  portion;  while  in  the 
latter  region  they  spread  out  more  irregularly,  and  bocome  rnucb 
bran  died  and  convoluted. 

7V  '    ■     "r//n/<pr/',^The  tubuli  uriniferi  (iig.  275)  are  composed  of 
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CKkiu.> 


to  be  made  up  of  geTcrul  distinct  Bectious  which  differ  from  one  another 
Tery  markedly,  both  iu  situation  and  strueture.  According  to  Klein, 
the  following  segments  may  be  made  out:  (I)  The  Malpighian  corp%M^ 
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cfc  (figs.  27*1,  2S1),  composed  of  n  hyaline  membrana  propria,  thickerii 
by  a  varying  amount  of  fibrous  tissue,  iind  litieil  by  flattened  nucletitc*! 
epithidiid  plates.  This  Ciipsule  is  the  dilated  extremity  of  tlie  urinif- 
erous  tubule,  and  contuins  within  it  a  glomerulus  of  nun  vol  a  ted  capil- 
lary blood-vessels  supported  by  connective  tissues,  and  covered  by  fUt- 
tened  epithelial  plates.  The  glomerulus  is  connected  with  an  efTereiit 
and  an  afferent  vesscL  (2)  The  constricted  neck  of  the  capsule  (fig, 
276,  2),  lined  in  a  similar  manner,  connects  it  with  (3)  The  Froximni 
(involuted  tubule,  which  forms  several  distinct  curves  and  is  lined  with 


I 


I 


li 

Fig. «r7.— FtomftTerticalsitj  .1  :..:  Li«fhth9lridr»fjorad<»fr— tlMCftpsaleorirlucbbRippcMei:^ 
lolie  oo  the  rigrfat.  ck  the  ca|taiark«  u(  Lhe  >lalpi^htnn  corpuscle — viz.,  the  e:luct]enitu«,  mv  u — 
imaged  In  lobules;  iu  neck  of  c&paute  :  r,  cnuv(>luiH<[  ujlien  cut  Id  vaHoiiu  dfrectktts ;  tK  imeculft^ 
tubule ;  d,  t,  ainJ/,  are  Ktmight  tiibeA  niiiolDj?  Unvard  eap«ul<^  rormintc  a  *o-cnlkHt  nuvfmlkirw  naa ^ 
dk  ooUeeilitg  tubn  ;  e^  efiiral  tube;  /,  narrow  ei:<clioa  of  luoeDding  Umb.  x  M>.  (KlelB  miiI  TliM*~ 
Bmith.) 

short  columnar  cells^  which  vary  somewiiat  in  size.  The  tabe  next^ 
passes  almost  vertically  downward,  forming  (4)  The  Spiral  Tubnh 
which  is  of  much  the  same  diameter,  and  is  lined  in  the  same  way 
the  convoluted  portion.  So  far  the  tube  has  been  contained  in  the  cortex 
of  the  kiflney";  it  now  passes  vortiuully  downward  through  the  most^ 
external  part  (boundary  layer)  of  the  Maljnghian  pyramid  into  the  more- 
internal  part  (papillary  layer),  where  it  curves  up  sharply^  forming 
altogether  the  (5  and  0)  Loop  of  ffrftkr  which  is  a  very  narrow  tub9 
lined  with  flattened  nucleated  cells.  Passing  vertic^dly  upward  juitt# 
the  tube  reaches  the  boundary  layer  (7),  it  suddenly  enlarges  and  be- 
comes lined  with  polyhedral  cells.     (S)  About  midway  in  the  bonndaiy 


m  M 


^yer  the  ttibe  again  narrows,  forming  the  ascending  spiral  of  Henles 
opf  but  is  still  lined  with  polyhedral  cells.  At  the  point  where  the  tube 
outers  the  cortex  (9)  the  ascending  limb  narrows,  but  the  diameter 
▼ariefi  considerably;  here  and  there  the  cells  are  more  fiiittened,  but 
both  in  this  as  in  (8),  the  cells  are  in  many  places  very  angular,  branched, 
9kjxd  imbricated.  It  then  joins  (10)  the  "irregular  tubule,''  which  has  a 
^tery  irregular  and  angular  outline,  and  is  lined  with  angular  and  imbri- 
ited  cells*  The  tube  next  becomes  convoluted  (11),  forming  the  distal 
%voluted  tube  or  intercalated  section  of  Schivetgger'Seidel,  which  is 
[Identical  in  all  respects  with  the  proximal  convoluted  tube  (12  and  13). 
[The  carved  and  straight  collecting  tubes,  the  former  entering  the  latter 
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■91^.  STS.— Tr»niiTier»o  tectfoo  of  a reoAl  papills;  a,  tiuve  tub«s  or  papOlmy  ductB ;  5,  c  ftnd  d,  smaUer 
'  tubettof  Henle;  e,/,  blood  caplUanefi.  diaiinKuisned  by  their  flatter  epiihelium.    (Cadiat.; 
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at  right  angles,  and  the  latter  passing  vertically  downward,  are  lined 
with  polyhedral,  or  spindle-shaped,  or  flattened,  or  angular  cells.  The 
straight  collecting  ttibe  now  enters  the  boundary  layer  (14)  and  passes 
on  to  the  papillary  layer,  and,  joining  with  other  collecting  tubes,  forms 
larger  tubes,  which  finally  open  at  the  apex  of  the  papilla*  These  col- 
lecting tubes  are  lined  with  transparent  nucleated  columnar  or  cubical 
©ells  (14,  15). 

The  cells  of  the  tubules  with  the  exception  of  Ilenle's  loop  and  all 
parts  of  the  collecting  tubulee,  are,  as  a  rule,  possessed  of  the  intra- 
nuclear as  well  as  of  the  intra-cellular  network  of  fibres,  oE  which  the 
vertical  rods  are  most  cousijicuous. 

In  some  places,  it  is  stated  that  a  distinct  membrane  of  flattened 
oeUs  can  be  made  out  lining  the  luraen  of  the  tubes  {centrotubular  mem- 
brane). 
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Blood-Vessels. 


Blood-supply. — In  connection  with  the  general  distribution  of  blood- 
vesBels  to  the  kidney,  the  Malpighian  Cknrpuscles  mast  be  furtlier  con- 
sidered. They  (fig.  280)  are  found  only  in  the  cortical  part  of  the  kid- 
ney, and  are  confined  to  the  central 
part,  which,  however,  makes  up  aboat 
seven-eighths  of  the  whole  corteL 
On  a  section  of  the  organ,  some  of 
them  are  just  visible  to  the  naked 
eye  as  minute  red  points;  others  are 
too  small  to  be  thus  seen.  Their 
average  diameter  is  about  -^  of  an 
inch  (I  mm.).  Each  of  them  is  com- 
posed, as  we  have  seen  above,  of  the 
dilated  extremity  of  an  uriDiferooi 
tube,  or  Malpighian  capsule ^  whidi 
encloses  a  tuft  of  blood-vessels. 

The  renal  artery  divides  into  sev- 
eral branches,  which,  passing  in  at 
the  hilus  of  the  kidney,  and  covered 
by  a  fine  sheath  of  areolar  tissue  de- 
rived from  the  capsule,  enter  the  sub- 
stance of  the  organ  chiefly  in  the  in- 
tervals between  the  papillse,  and  at  the 
junction  between  the  cortex  and  the 
boundary  layer.  The  main  branches 
then  pass  almost  horizontally,  form- 
ing more  or  less  complete  arches  and 
giving  off  branches  upward  to  the 
cortex  and  downward  to  the  medulla. 
The  former  are  for  the  most  part 
straight;  they  pass  almost  vertically 
to  the  surface  of  the  kidney,  giving 


FiR.  2T9. 
rt  of  arterial  arch 


-Vascular  supply  of  kidney,    a, 
lob  ' 


part  of  arterial  arch:  A.  interlobular  artery;  c, 

&rl^V^^St'2Sr4Ta^^XJte8^^^  off  laterally  in  all  directions    longer 
a?ctr/^4,SS'^enJ«Sfm"±^^^^  and    shortcr  branches,     which    ulti- 

lula;  .,  interlobular  vein.    (Cadiat.,  ^^^j^  ^^^^^^  ^^^  Malpighian   bodicS. 

The  small  afferent  artery  (figs.  280  and  281)  which  enters  the  Malpig- 
hian corpuscle,  breaks  up  in  the  interior  as  before  mentioned  into  a 
dense  convoluted  and  looped  capillary  plexus,  which  is  ultimately  gath- 
ered up  again  into  several  small  efferent  vessels,  comparable  to  minute 
veins,  which  leave  the  capsule  at  one  or  more  places  near  the  point  at 


nir.  28!.— Malplirhlan  capsule  and  tatt  f^t  caplllarlea.  Injected  ihffiupjti  the  reefll  artery  witli 
oolonwl  gelatin,  a,  glomerular  vesBBla  ;  6,  capsule  ;  c,  antermi-  ctipbuk;  <f,  plnnjenilar  artery  ;  t, 
cfferrat  veina;  /,  epithdium  uf  ttibe«.    (Cadi at ) 

the  radicles  of  the  renal  vein.  These  small  veins  pass  into  others  which 
form  venous  arches  correspond  in  e  to  the  arterial  arches,  but  which  are 
more  distinct,  situated  between  the  medulla  and  cortex. 
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Tims,  in  the  kidney,  the  blood  entering  by  the  renal  artery,  trav^r 
(WQ  sets  of  capillaries  before  emerging  by  the  renal  vein,  an  arranges 
which  may  be  compared  to  ih^ portal  system  in  miniature. 

The  tuft  of  vessels  within  the  Malpighiao  caj>eule  in  the  coiirge  of  1 
velopment  has  been  thrust  into  the  dilated  extremity  of  the  urtni 
tnbule^  which  finally  completely  invests  it.  Thus  within  the  Malpighba 
capsule  there  are  two  layers  of  squamous  epithelium,  a  parietAl  laj^r 
lining  the  capsule  proper,  and  a  visceral  or  reflected  layer  immediaid? 
covering  the  vascular  tuft  (fig.  282),  and  sometimes  dipping  down  into 
its  interstices.  This  reflected  layer  of 
epithelium  is  readily  seen  in  young 
subjects,  but  cannot  alm^ays  be  demon- 
strated in  the  adnlt.  (See  figs«  282 
and  283.) 
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Fig. 


Fl^r-aRi 


Ffjf,  ffla.— TraMTer*?  section  of  a  developinir  Malpi^bliui  cjip«iite  iind   tuft  ihiuiuui).    yt^ 
From  ii  foetus  mi  About  the  fourth  niootb:  a,  ftatteDiii  c^Ws  in^winic  lo  form  tbt?  ciipnilr;  6^  I 
rouDded  cella.  contlnuouH  with  tlio  atrnve.  ^ellli«H<^a  routKl  c,  and  Onallv  «*iivelopiiijE  tt;  c.  I 


Fig.  '<2^^.— EpitWUal  eU^niPOUof  A  9f*lpJjrhUli  capfiiilt'  and  tuft,  witli  Uw  cotnifKttegmwl  of  » 
uilaury  tubutp  shuinn^  t]w  afTereiit  and  iffft-rent  inpssrl  \  a*  layer  of  tlat  epittu^Jiutn  formfnf  IN» 


ciiilirytmjc  i'vLlA  whleh  will  lat^r  bdoome  dereioped  lotw  i»^fHiNrl-trenfe»t'l«, 
ytg.  'Jf^.— EpitWUal  eU-nipnU  of  a  MalpJjrhUn  < 
ury  tubutp  shuirin^  th«»  afTereiit  and  mi*rent  v^amri .  <  ,  , 
.  ute;  Ik  tiimJiar,  but  rather  larjrt^r  epithelial  cell*,  plactMl  Id  the  waltoof  tin*  tii»y ;  c,  ot*  11*»  <^f«rliie 
the  venela  of  the  capillary  tuft;  d\  camnjeDoenieDt  uf  the-  tubuks  somewhat  oarmwer  that  th«  n«l 
of  It.    <W.  PyeO 

The  veasels  which  enter  the  medullary  layer  break  up  into  gmaller 
arterioles^  which  pass  through  the  boundary  layer,  and  proceed  in  a 
itraight  coarse  between  the  tubules  of  the  papillary  layer,  giving  off  on 
their  way  branches,  which  form  a  fine  arterial  mesh  work  around  tlie 
tnbc8,  and  ending  in  a  eimihtr  plexus  from  which  the  venoaa  indides 
arise. 

Besides  the  small  afferent  arteries  of  the  Malpighian  bodies,  lh«w 
are,  of  course,  others  which  are  distributed  in  the  ordinary  manner,  for 
the  nutrition  of  the  different  parts  of  the  organ;  and  in  the  pyramids, 
between  the  tubes,  there  are  numerous  stniight  vessels,  the  vasa  reda^ 
some  of  which  are  branches  of  va^n  rfferentia  from  Malpighian  bodte«p 
and  therefore  comparable  to  the  venous  plexus  around  the  tn boles  in 
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2m  cortical  portion,  while  others  arise  directly  as  small  branches  of  the 
PttMd  arteries. 

Setween  the  tubes,  yessels,  etc.,  which  make  up  the  substance  of 
Kbtt  kidney,  there  exists,  in  small  quantity,  a  fine  matrix  of  areolar 
Hnue. 

jKerves. — The  nerves  of  the  kidney  are  derived  from  the  renal  plexus 

^  each  side.    This  consists  of  both  meduUated  and  non-meduUated 

Mttife-fibres,  the  former  of  varying  size,  and  of  nerve-cells.    The  renal 

plexus  is  derived  from  the  solar  plexus,  particularly  from  the  semilunar 

~  imglion.    The  renal  plexus  is  thus  indirectly  connected  with  the  vagi  and 

'  vith  the  splanchnic  nerves.     It  is  also  directly  connected  with  them  by 

-  fibres  which  pass  to  them  without  first  joining  the  solar  plexus.    Fibres 

^  from  the  anterior  roots  of  the  eleventh,  twelfth,  and  thirteenth  dorsal 

.  aerves  in  the  dog  also  pass  to  the  same  plexus,  either  directly  through 

ihe  sympathetic  chain  or  by  first  passing  into  the  solar  plexus. 


vis.  tti.— Epithelium  of  the  bladder;  a.  one  of  the  cells  of  the  first  row:  6,  a  cell  of  the  second  row; 
C  cells  in  witUt  of  first,  second,  and  deepest  layers.    (OberBUriaer.) 

The  Ureters. — The  duct  of  each  kidney,  or  ureter,  is  a  tube  about 
the  sise  of  a  goose-quill,  and  from  twelve  to  sixteen  inches  in  length, 
which,  continuous  above  with  the  pelvis  of  the  kidney,  ends  below  by 
perforating  obliquely  the  walls  of  the  bladder,  and  opening  on  its  inter- 
nal surface. 

Structure, — It  is  constructed  of  three  principal  coats  (a)  an  outer, 
i6ugh,  fibrous  and  elastic  coat;  {b)  a  middle  muscular  coat,  of  which  the 
fibres  are  unstriped,  and  arranged  in  three  layers — the  fibres  of  the  cen- 
tn]  layer  being  circular,  and  those  of  the  other  two  longitudinal  in 
direction;  and  (c)  an  internal  mucous  lining  continuous  with  that  of 
the  pelvis  of  the  kidney  above,  and  of  the  urinary  bladder  below.  The 
epithelium  of  all  these  parts  (fig.  284)  is  alike  stratified  and  of  a  some- 
what peculiar  form;  the  cells  on  the  free  surface  of  the  mucous  mem- 
brane being  usunlly  spheroidal  or  polyhedral  with  one  or  more  spherical 
or  oval  nuclei;  whUe  beneath  these  are  pear-shaped  cells,  of  which  the 
broad  ends  are  directed  toward  the  free  surface,  fitting  in  beneath  the 
cells  of  the  first  row,  and  the  apices  are  prolonged  into  processes  of  va- 
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lions  lengths^  among  which,  again,  the  deepest  cells  of  the  epithelium 
are  fonnd  spheroidal,  irregularly  oval,  spindle-shaped  or  conical 

The  Urinary  Bladder.— The  nrinary  bladder,  which  forms  a  re- 
ceptacle  for  the  temporary  lodgment  of  the  urine  in  the  intervals  of  iti 
expulsion  from  the  body,  is  more  or  less  pyrif orm,  its  widest  part,  whicli 
is  situate  above  and  behind,  being  termed  the  fundus;  and  the  narrow 
constricted  portion  in  front  and  below,  by  which  it  becomes  conticnoai 
with  the  urethra,  being  called  its  cervix  or  neck. 

«S7;  ucture. — It  is  constructed  of  four  principal  coats —  sermta,  mu^ 
cular,  areolar  or  submucouis,  and  mucous,     (a.)  The  serous  coat,  whicli 
covers  only  the  posterior  and  upper  part  of  tho  bladder,  has  the  same 
structure  as  that  of  the  peritoneum,  with  which  it  is  continuous,    (h) 
Tlie  fibres  of  the  muscular  coat,  which  are  unstriped,  are  arranged  in 
three  principal  layers,  of  which  the  external  and  internal  have  a  geneni 
longitudinal,  and  the  middle  layer  a  circular  direction.     The  latter  are 
especially  developed  around  the  cervix  of  the  organ,  and  are  descrihed 
as  forming  a  sphincter  vesicce.     The  muscular  fibres  of  the  bladder, like 
those  of  the  stomach,  are  arranged  not  in  simple  circles,  but  in  figore- 
of-8  loops,     (c)  The  areolar  or  submucous  coat  is  constructed  of  conneo- 
tive  tissue  with  a  large  proportion  of  elastic  fibres,     (d)  The  muctm 
membrane,  which  is  rugose  in  the  contracted  state  of  the  organ,  doei 
not  differ  in  essential  structure  from  mucous  membranes  in  general 
Its  epithelium  is  stratified  and  closely  resembles  that  of  the  pelvis  of  the 
kidney  and  the  ureter  (fig.  284). 

The  mucous  membrane  is  provided  with  mucous  glands,  which  are 
more  numerous  near  the  neck  of  the  bladder. 

The  bladder  is  well  provided  with  blood-  and  lymph-vessels,  and  with 
nerves.  The  latter  are  both  medullated  and  non-medullated  fihr«^ 
both  branches  from  the  sacral  plexus  (spinal)  and  hypogastric  pleiu 
(sympathetic).  Ganglion-cells  are  found,  here  and  there,  in  the  conise 
of  the  nerve-fibres. 

The  Urine. 

Physical  Properties, — Healthy  urine  is  a  perfectly  transparent,  am- 
ber-colored liquid,  with  a  peculiar,  but  not  disagreeable  odor,  a  bitterish 
taste,  and  slight  acid  reaction.  Its  specific  gravity  varies  from  1015  to 
1025.  On  standing  for  a  short  time,  a  little  mncns  appears  in  it  as  a 
flocculent  cloud,  consisting  chemically^  it  is  said,  of  nucleo-albumin  and 
not  mucin. 

Chemical  Composition, — The  urine  consists  of  water,  holding  in  solu- 
tion certain  organic  and  saline  matters  as  its  ordinary  constituents,  and 
occasionally  various  other  matters;  some  of  the  latter  are  indications  of 
diseased  states  of  the  system,  and  others  are  derived  from  unusual  articles 
ot  food  or  drujjs  taken  into  t\\e  slomtvcXv. 
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Chemical  Composition  of  the  Urine. 
'Water 967 

Urea 14.280 

Other  nitrogenous  crystalline  bodies- 
Uric  acid,   principally  in  the  form  of  alka- 
line Urates,  a  trace  only^  free. 
Kreatinin,  Xanthin,  Hypoxathin. 
Hippuric  acid. 

Mucus,  Pigments,  and  Ferments. 
Salts:— 

Inorganic— 

Frincipally  Sulphates,  Phosphates,  and 
Chlorides  of  Sodium  and  Potassium,  with 
Phosphates  of  Magnesium  and  Calcium, 
traces  of  Silicates  and  Chlorides. 


10.635 


8.185 
Organic— 

Lactates,  Hippurates,  Oxalates,  Acetates  and 
Formates,  which  only  appear  occasion- 
ally. J         33 

Sugar a  trace  sometimes. 

Gases  (nitrogen  and  carbonic  acid  principally) . 

1000 

Reaction, — The  normal  reaction  of  the  urine  is  slightly  acid.  This 
■ddity  is  due  to  acid  phosphate  of  sodium^  and  is  less  marked  soon  after 
meals.  The  urine  contains  no  appreciable  amount  of  free  acid,  as  it 
-pres  no  precipitate  of  sulphur  with  sodium  hyposulphite.  After  stand- 
ing for  some  time  the  acidity  increases  from  a  kind  of  acid  fermentation, 
due  in  all  probability  to  the  presence  of  mucus  and  fungi,  and  acid 
urates  or  free  uric  acid  is  deposited.  After  a  time,  varying  in  length 
according  to  the  temperature,  the  reaction  becomes  strongly  alkaline 
from  the  change  of  urea  into  ammonium  carbonate,  due  to  the  presence 
of  one  or  more  specific  micro-organisms  {micrococcus  urecs).  The  urea 
takes  up  two  molecules  of  water — a  strong  ammoniacal  and  foetid  odor 
appears,  and  deposits  of  triple  phosphates  and  alkaline  urates  take  place. 
This  does  not  occur  unless  the  urine  is  freely  exposed  to  the  air,  or, 
iit'least,  until  air  has  had  access  to  it. 

Reaction  of  Urine  in  Different  Classes  of  Animals.— In  most  herbivorous  ani- 
mals the  urine  is  alkaline  and  turbid.  The  difference  depends  not  on  any 
peculiarity  in  the  mode  of  secretion,  but  on  the  diflference  in  the  food  on  which 
the  two  classes  subsist ;  for  when  carnivorous  animals,  such  as  dogs,  are  re- 
stricted to  a  vegetable  diet,  their  urine  becomes  pale,  turbid,  and  alkaline  like 
tliat  of  an  herbivorous  animal,  but  resumes  its  former  acidity  on  the  return  to 
an  animal  diet:  while  the  urine  voided  by  herbivorous  animals,  e.g.,  rabbits. 
fed  for  some  time  exclusively  upon  animal  substances,  presents  the  acid  reac- 
tion and  other  qualities  of  the  urine  of  Camivora,  its  ordinary'  alkalinity 
being  restored  only  on  the  substitution  of  a  vegetable  for  the  animal  diet. 
Human  urine  is  not  usually  rendered  alkaline  by  vegetable  diet,  but  it  becomes 
•o  after  the  free  use  of  alkaline  medicines,' or  of  the  alkaline  salts  with  car- 
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boDic  or  vegetable  acids ;  for  these  latter  are  changed  into  alkaline  cuixmtaB 
previous  to  elimination  by  the  kidneys. 

Average  daily  qnantity  of  the  chief  nrinary  constitnents  (modified  from  Puk^ 

Per  Kilo  of 
bodj  weight, 
gnns. 


Water       .... 

1500 

Lcc. 

or 

52ioz. 

2 

3.        g 

Solids— 

Urea 

83.180  grms 

a 

512.4  grains. 

.5 

Kreatinin   . 

.910 

u 

u 

14.0 

•• 

.0140 

Uric  Acid 

.555 

u 

M 

8.569 

u 

.0084 

HippuricAcid    . 

.400 

u 

U 

6.16 

u 

.0060 

Pigment  and  Extrac- 

tives    . 

10. 

"* 

M 

154. 

u 

.1510 

Sulphuric  Acid  . 

2.012 

M 

U 

30.98 

a 

.0480 

Phosphoric  Acid    . 

3.164 

u 

u 

48.80 

a 

.0305 

Chlorine 

7.000 

u 

u 

107.8 

u 

.1260 

Ammonia 

.770 

tt 

u 

11.8 

u 

Potassium .        ■, 

2.500 

M 

u 

38.5 

u 

Sodium 

11.090 

U 

u 

170.78 

u 

Calcium     . 

.2«0 

u 

tt 

4. 

u 

Magnesium 

.207 

tt 

tf 

3. 

u 

72. 

Variatio7is  in  the  Quantity  of  the  Constituents. — From  the  propor- 
tions given  in  the  above  table,  most  of  the  constituents  are,  even  in 
health,  liable  to  variations.  The  variations  of  the  water  in  different 
seasons,  and  according  to  the  quantity  of  drink  and  exercise,  haye al- 
ready been  mentioned.  The  water  of  the  urine  is  also  liable  to  be  influ- 
enced by  the  condition  of  the  nervous  system,  being  sometimes  greatly 
increased,  e.g.,  in  hysteria  and  in  some  other  nervous  afifections;  and  at 
other  times  diminished.  In  some  diseases  it  is  enormously  increased; 
and  its  increase  may  be  either  attended  with  an  augmented  quantity  of 
solid  matter,  as  in  ordinary  diabetes,  or  may  be  nearly  the  sole  change, 
as  in  the  alTectiun  termed  diabetes  insipidus.  In  other  diseases, «.(/., 
the  various  forms  of  albuminuria,  the  quantity  may  be  considerably 
diminished.  A  febrile  condition  almost  always  diminishes  the  quantity 
of  water;  and  a  like  diminution  is  caused  by  any  affection  which  draws 
ot?  a  large  quantity  of  fluid  from  the  body  through  any  other  channel 
than  that  of  the  kidneys,  e.r/,,  the  bowels  or  the  skin. 

Methixl  of  Estimating  the  Solids.— A  useful  rule  for  approximately  estimating 
the  total  solids  in  any  given  specimen  of  healthy  urine  is  to  multiply  the  la^ 
two  figures  representing  the  specific  gravity  by  2.33.  Thus,  in  urine  of  sp. 
frr.  1025,  2.88  X  25  —  58.25  grains  of  solids,  are  contained  in  1000  grains  of  the 
urine.  In  using  this  method  it  must  be  remembered  that  the  limits  of  errors 
are  much  wider  in  diseased  than  in  healthy  lurine. 

Variafions  in  the  Specific  Graviti/.— The  average  specific  gravity  of 
tlio  human  urine  is  about  1020.  The  relative  quantity  of  water  and  of 
solid  constituents  of  which  it  is  composed  is  materially  influenced  by 
the  condition  and  occupation  of  the  body  during  the  time  at  which  it  is 
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■BCToted;  by  the  length  of  time  which  has  elapsed  since  the  last  meal; 
md  by  several  other  accidental  circumstances.     The  existence  of  these 
cansos  of  difference  in  the  composition  of  the  nrine  has  led  to  the  secre- 
tion being  described  under  the  three  heads  of    Urina  sanguinis,  Urina 
poiusy  and  Urina  cibi.    The  first  of  these  names  signifies  the  ariYie,  or 
that  part  of  it  which  is  secreted  from  the  blood  at  times  in  which 
neither  food  nor  drink  has  been  recently  taken,  and  is  applied  especially 
lo  the  arine  which  is  evacuated  in  the  morning  before  breakfast.     The 
term  urina  poius  indicates  the  urine  secreted  shortly  after  the  intro- 
duction of  any  considerable  quantity  of  fluid  into  the  body:  and  the 
urina  cibi,  the  portions  secreted  during  the  period  immediately  micceed- 
ing  a  meal  of  solid  food.     The  last  kind  contains  a  larger  quantity  of 
■olid  matter  than  eitber  of  the  others;  the  first  or  second,  being  largely 
dilated  with  water,  possesses  a  comparatively  low  specific  gravity.     Of 
these  three  kinds,  the  morning  urine  is  the  best  calculated  for  analysis 
in  health,  since  it  represents  the  simple  secretion  unmixed  with  the 
elements  of  food  or  drink;  if  it  be  not  used,  the  whole  of  the  urine 
passed  during  a  period  of  twenty-four  hours  should  be  taken.     The 
q>ecific  gravity  of  the  urine  may  thus,  consistently  with  health,  range 
widely  on  both  sides  of  the  usual  average.     It  may  vary  from  1015  in 
the  winter  to  1025  in  the  summer;  but  variations  of  diet  and  exercise,  and 
many  other  circumstances,  may  make  even  greater  differences  than  these. 
In  disease,  the  variation  may  be  greater;  sometimes  descending,  in  albu- 
minuria, to  1004,  and  frequently  ascending  in  diabetes,  when  the  urine 
18  loaded  with  sugar,  to  1050,  or  even  to  1060. 

Quantity. — The  total  quantity  of  urine  passed  in  twenty-four  hours 
IB  affected  by  numerous  circumstances.  On  taking  the  mean  of  many 
obeervations  by  several  experiments,  the  average  quantity  voided  in 
twenty-four  hours  by  healthy  male  adults  from  20  to  40  years  of  age 
has  been  found  to  amount  to  about  52^  fluid  ounces  (1^  to  2  litres). 

Abnormal  Constituents. — In  disease,  or  after  the  ingestion  of  special 
foods,  various  abnormal  substances  occur  in  urine,  of  which  the  follow- 
ing may  be  mentioned — Serum-albumin,  Globulin^  Ferments  (appar- 
ently present  in  health  also).  Proteoses,  Peptone,  Blood,  Sugar,  Bile 
acids  and  pigments.  Casts,  Eats,  various  Sails  taken  as  medicine.  Micro- 
organisms  of  various  kinds,  and  other  matters. 

The  Solids  of  the  Urine. 

Urea  (CH4NJO). — Urea  is  the  principal  solid  constituent  of  the 
nrine,  forming  nearly  one-half  of  the  total  quantity.  It  is  also  the 
most  important  ingredient,  since  it  is  the  chief  substance  by  which  the 
nitrogen  which  is  derived  from  the  metabolic  changes  in  the  tissues  as 
well  as  that  which  is  derived  from  any  superfluous  food  is  excreted 
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from  the  body.     For  its  removal^  the  secretion  of  urine  seems  i 
proTided;  and  by  its  retention  in  the  blood  the  nio£t  perniciooii 
are  produced. 

Properfieji*—VT&i\,  like  the  other  solid   constitnents  of  the  nrint 
exiBta  in  a  state  of  soltition.     When  in  the  solid  state^  it  appears  m\hit 


form  of  delicate  silvery  acicnlur  crystals,  which,  tinder  the  microsooper 
appear  us  four-sided  prisms  (fig*  285)*  It  may  be  obtained  in  thismte 
by  evjiporating  urine  curt^fiilly  to  the  conijistence  of  honey,  acting  oti 
the  inspissated  mass  with  four  parts  of  alcohol,  then  evaporating  the 
ulcoholic  solution  to  dryness,  and  purifying  the  residue  by  repetteji 
solution  in  water  or  in  alcohol,  and  finally  allowing  it  to  crystallixei  It 
readily  combines  with  some  acids,  like  a  weak  bjise:  and  may  thus  h 
conveniently  procured  in  the  form  of  crystals  of  nUrtUe  or  oxalate  9/ 
urea  (figs.  286  and  :287). 

Urea  is  colorless  when  pure;   when  impure  it   may  be  yellow  or 


Tig.  SWJ,— CryBtate  of  Urea  nitrate. 


Fig.  2^.— CrystAlB  of  Un»  oxAlAte. 


brown;  it  is  without  gmell,  and  of  a  cooling  nitre-like  taste:  it  bis 
neither  an  acid  nor  an  alkaline  reaction,  and  deliquesces  in  a  moist  and 
warm  atmosphere.  At  15°  C,  (59'  F.)  it  retjuires  for  its  solutiuu  If^s 
than  its  own  weight  of  water;  it  is  dissolved  in  nil  proportions  by  boil- 
ing  water;  but  it  requires  five  times  its  weight  of  cold  alcohol  for  iu 
solution.     It  is  insoluble  in  ether.     At  120^  C,  {US'*  F,)  it  melts  with- 


J 


undergoing  decomposition ;  at  a  still  higher  temperature  ebullition 
ikeg  place,  and  carbonate  of  ammonium  sublimes.     When  heated  with 

Uer  in  a  sealed  tube  to  100"^  C,  urea  splits  up  into  carbonic  acid  and 
'iUnmonia;  when  heated  to  a  high  temperature  ureti  loses  ammonia  and 
first  yields  biuret,  CalisNaOa,  which  gives  a  rose  color  with  caustic  potash 

id  a  trace  of  copper  sulphate,  and  afterward  et/anuric  acid,  CaHaOaNa, 

rbicU  gives  a  violet  color  with  caustic  potash  and  a  tnice  of  copper  sul- 
Ipbate,  It  is  decomposed  by  sodium  hypochlorite  or  hypobromite  or  by 
rtiitrous  acid,  with  evolution  of  N.  It  forms  compounds  with  acids,  of 
(which  the  chief  are  urea  hydrochloride^  CII^KoOJICL;  urea  nitrate, 
[CH^NaOlINO^;  and  urea  phosphate,  CHiNaOJI^jPOi.  It  forms  com- 
Ipoands  with  metals  such   as  IlgO.OHiN^O;    with  silver   CHsNjOAga; 

id  with  salts  such  as  HgCl^  and  HgNOs. 
Oiemical   Nature, — Urea   is  isomeric  with   ammonium   cyanate 

rH4,CN0.     It  was  first  of  all  artificially  prepared  from  that  substance. 

It  may  also  be  produced  artificiaUif  hjj  treating   curbomjl  chloride  (CO  Cla) 

Iwithammoriki;  or  by  Heating  ethyl  carbonate  itnth  ammonm  CO  np'o*  +  2  NHi  = 

I  NH 

PCON1H4  SCaHeO ;     %    heating    aifimojiium    carbonate    ^^  ONH    =  CONaH*  + 

[H«0 :  by  adding  tvater  to  eyanamide  CN.NH,,  or   by  evaporating  ammonium 
in  aqueous  solution. 

It  is  usually  considered  to  be  a  diamide  of  carbonic  acid,  in  other 

iwords,  carboHic  acid,  CO  (OHj'a,  with  two  of  hydroxyl,  (Ollj'a,  replaced 

Iby  two  of  amidogen  (NUjI'a.     It  may  also  be  written  as  if  it  were  a 

Imonaniide  of  carhamic  acid  (COOHKHa),  thus  CONHa-NHg;   one  of 

amidogen,  Nlla,  in  the  latter  replacing  one  of  hydroxyl  in  the  former. 

Decomposition  of  the  urea  with  develop  men  t  of  ammonium  carbonate 

i  takes  place  from  the  action  of  the  bacteria  (micrococcus  urese),  when 

'  urine  is  kept  for  some  days  after  being  voided,  and  explains  the  ammo- 

niacal  odor  then  evolved.     The  urea  is  sometimes  decomposed  before  it 

leaves  the  bladder,  when  the  mucous  membrane  is  diseased,  and  the 

mucns  secreted  by  it  is  ahundant;  but  decomposition  does  not  often  occur 

nnleas  atmospheric  germs  bave  had  access  to  the  urine. 

Variaiitma  in  the  Qutmiitjf  excreted, — The  quantity  of  urea  excreted 
is,  like  that  of  the  urine  itself,  subject  to  considerable  variation.  For 
a  healthy  adult  about  512.4  grains  (about  33J8  grms,)  per  diem  may  be 
taken  as  rather  a  high  average.  Its  percentage  in  healthy  urine  is  from 
1.5  to  2.5,  Its  amount  is  materially  influenced  by  diet,  being  greater 
when  animal  food  is  exclusively  used,  less  when  the  diet  is  mixed,  and 
least  of  all  with  a  vegetable  diet.  As  a  rule,  men  excrete  a  larger  quan- 
tity  than  women,  and  persons  in  the  middle  periods  of  life  a  larger 
quantity  than  infants  or  old  people.  The  quantity  of  urea  excreted  by 
26 
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children^  relatively  to  their  body-weight,  is  much  greater  than  by  adulta; 
Thus  the  quantity  of  urea  excreted  per  kilogram  of  weight  was  found  to 
be,  in  a  child,  0.8  grm.;  in  an  adult  only  0.4  grm.  Regarded  in  thb 
way,  too,  the  excretion  of  carbonic  acid  gives  similar  results,  the  pro- 
portions in  the  child  and  adult  being  as  82 :  34. 

The  quantity  of  urea  does  not  necessarily  increase  and  decrease  with 
that  of  the  urine,  though  on  the  whole  it  would  seem  that  whenever  the 
amount  of  urine  is  much  augmented,  the  quantity  of  urea  also  is  nsnallj 
increased;  and  it  appears  that  the  quantity  of  urea,  as  of  urine,  maybe 
especially  increased  by  drinking  large  quantities  of  water.  In  varions 
diseases  the  quantity  is  reduced  considerably  below  the  healthy  stan- 
dard, while  in  other  affections  it  is  above  it. 


Quantitative  Estimation. — There  are  two  chief  methods  of  estimating  the 
amount  of  urea  in  the  urine.  (1. )  By  decomposing  it  by  meanii  of  an  alkaline 
solution  of  sodium  hypobromite.  or  hypochlorite,  and  calculating  the  amount 
in  a  measured  quantity,  by  collecting  and  measuring  the  amount  of  nitrogoi 
evolved  under  such  circumstances.  Urea  contains  nearly  half  its  weight  of 
nitrogen,  hence  the  amount  of  the  gas  collected  may  be  taken  as  a  measure  of 
the  urea  decompoeed,  remembering  that  1  litre  of  nitrogen  at  the  standard 
temperature  and  pressure  weighs  14  X  .08936,  or  1.251  gnns.  The  percentage 
of  urea  can  thus  be  readily  calculated  from  the  volume  of  nitrogen  evolTed 
from  a  measured  quantity  of  the  urine,  but  this  calculation  is  avoided  bj 
graduating  the  tube  in  which  the  nitrogen  is  collected  i^ith  numbers  whidi 
indicate  the  corresponding  percentage  of  urea.  The  reaction  is  CX)N,  H4  + 
SNaBrO  +  2NaHO  =  3NaBr  +  3H,0  +  Na,CO,  +  N,.  (2. )  By  precipitating  the 
urea  by  adding  to  a  given  amount  of  lurine,  freed  from  sulphates  and  phos- 
phates, a  standard  solution  of  merciuric  nitrate  from  a  burette,  until  the  whole 
of  it  has  been  thrown  down  in  an  insoluble  form  ;  then  reading  off  the  exact 
amount  of  the  mercuric  nitrate  solution,  which  it  was  necessary  to  use.  As 
the  amount  of  urea  which  each  cubic  centimetre  of  the  standard  solution  will 
precipitate  is  previously  known,  it  is  easy  to  calculate  the  amount  in  the  sam- 
ple of  urine  taken.  The  precipitate  which  is  formed  was  generally  said  to  be 
composed  of  mercuric  oxide  and  urea.  Some,  however,  now  consider  that  it 
is  a  mixture  of  mercuric  nitrate  itself  and  urea. 


Uric  Acid  (C5H4N4O8).— Uric  or  lithic  acid  is  rarely  absent  from 
the  urine  of  man  or  animals,  thongh  in  the  feline  tribe  it  seems  to  be 
sometimes  entirely  replaced  by  urea. 

Properties. — Uric  acid  when  pure  is  colorless,  btit  when  deposited 
from  the  urine  is  yellowish-brown.  It  crystallizes  in  yarions  forms,  of 
which  the  most  common  are  smooth  transparent,  rhomboid  plafees, 
diamond-shaped  plates,  hexagonal  tables,  etc.  (fig.  288).  It  is  odorless 
and  tasteless.  It  is  very  slightly  soluble  in  cold  water,  and  a  little  more 
so  in  hot  water,  quite  insoluble  in  alcohol  and  ether.  It  dissolves  freely 
in  solution  of  the  alkaline  carbonates  and  other  salts. 


flCBETION. 

The  proportionate  quantity  of  uric  acid  varies  coDsidi^mbly  iu  diflTercnt 
Itnab.  In  man,  and  Mitinmatia  generally,  efipecially  the  HeHiivora.  it  is 
OOKii  para  lively  uniall.  In  l\w  whole  trihe  of  birds,  and  of  fci^rpeuts,  on  the  other 
Kami*  the  i|uauttty  in  very  large,  j^r^atly  exc^^tHJiug  that  of  the  urea.  In  the 
uritie  of  grant vorous  birds,  indeed,  urea  is  rarely  if  ever  found,  itB  place  being 
Ql^tirely  supplied  by  uric  acid. 

VaruitioHs  in  (Jititni if  i/.^l'lw  quantity  of  uric  iicid,  like  that  of 
nrea^  in  human  urine,  is  increased  by  the  use  of  aiiinuil  food,  aud  do- 
oreaned  by  the  use  of  food  free  from  nitrogen,  or  by  an  exclusively  vege- 
liible  diet.  In  most  febrile  diseases,  imd  in  jiletbora,  it  is  formed  in 
unnaturally  large  (juantities;  and  in  gout  it  is  deposited  in  and  around 
joints,  in  the  form  of  urate  of  soda,  of  which  the  so-called  chalk-Btooes 
of  this  disease  arc  principally  composed.  The  average  amount  Becrcted 
in  twenty-four  hours  is  about  one-third  of  a  gramme. 

Condition  in  the  Urine, — The  condition  in  which  uric  acid  exists  in 
solution  in  the  urine  has  formed  the  subject  of  some  discussion.  The 
oric  acid  exists  as  urate  of  soda,  produced  hy  the  uric  acid  as  soon  as  it 
is  formed  combining  with  part  of  the  base  of  the  alkaline  sodium  phos- 
phate of  the  blood,  llippnric  acid,  which  exists  in  human  uriue  also, 
acts  upon  the  alkaline  phosphate  in  the  same  way,  and  increases  still 
more  the  quantity  of  acid  phosphate,  on  the  presence  of  which  it  ig 
probable  that  a  part  of  the  natural  acidity  of  the  urine  de]>ends.  It  is 
scarcely  possible  to  say  whether  the  union  of  uric  acid  with  the  bases 
sodium  and  amnnmiuin  takes  phice  in  the  blood,  or  in  the  act  of  secre- 
tion in  the  kidney:  the  latter  is  more  likedy;  but  the  quantity  of  either 
uric  acid  or  urates  in  the  blood  is  probably  too  small  to  allow  of  this 
question  being  solved. 

Owing  to  its  existence  in  combination  in  healthy  urine,  uric  acid  for 
examination  must  generally  be  precipitated  from  its  bases  by  a  stronger 
acid,  ^,//.,  hydrochloric  or  nitric.  When  excreted  in  excess,  hou^ever,  it 
is  deposited  in  a  crystalline  form  (fig.  288),  mixed  with  large  quanti- 
ties of  ammonium  or  sodium  urate.  In  such  cases  it  may  be  procured 
for  microscopic  examination  by  gently  warming  the  portion  of  urine 
containing  the  sediment;  this  dissolves  urate  of  ammonium  and  sodium, 
while  the  comparatively  insoluble  crystals  of  uric  acid  subside  to  the 
bottom. 

The  moat  common  form  in  which  uric  acid  is  deposited  in  urine,  is 
that  of  a  brownish  or  yellowigh  i>owdery  substance,  consisting  of  gran- 
ules of  ammonium  or  sodium  urate.  When  deposited  in  crystals,  it  is 
most  frequently  in  rhombic  or  diamond-shaped  laminae,  but  tether  forms 
are  not  uncommon  (tig.  288)*  When  de|)osited  from  urine,  the  crystals 
are  generally  more  or  less  deeply  colored,  from  being  combined  with 
the  coloring  principles  of  the  urine. 

TeMs. — There  are  two  chief  tests  for  uric  acid  besides  the  micro- 
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fccopic  evidence  of  tU  crystallino  etructure:  (Ij  The  Murexide  M^ 
nhich  consifitfi  of  eTaporating  to  dryness  a  mixture  of  strong  nitric  acid 
ajA  aric  acid  iu  a  water  bath.  This  leaves  a  yellowi6h-red  reeidae  of 
ilhjtin  (CiHiXiOi)  and  urea,  and  on  addition  of  ammonium  bydrate^a 
'>)eautifal  purple  color  (ammonium  purpurate,  C»H4(NHi)NsOi}»  deep- 
ened on  addition  of  caustic  potash,  takee  pbice.  {"Z)  ScJtiff's  te^icon- 
mU  of  dissotring  the  uric  acid  in  sodium  carbonate  solution,  and  of 
dropping  some  of  it  on  a  filter  paper  moistened  with  silver  nitrate,  A 
black  spot  appears,  which  corresponds  to  the  rednction  of  silver  bj  the 
uric  acid. 

Htppuric  Acid   (C»IJtNOi)   has  long  been  known  to  exist  in  the 
urine  of  herbivorous  animals  in  combination  with  soda.     ItaUoeiisti 


Fig,  aas,— Various  forms  of  uric  ocid  crystAls, 


F{|C-  980.— Crystola  of  hipputieAcM. 


mitumlly  in  the  urine  of  man,  in  a  quantity  equal  or  rather  exceeding 
that  of  the  uric  acid. 

The  fjiiantity  of  hippuric  acid  excreted  is  increased  by  a  vegetable 
diet.  It  uppearB  to  be  formed  in  the  body  from  benzoic  acid  or  from 
some  allied  substance-  The  benzoic  acid  unites  with  glycin,  probably 
in  tho  kidneys,  and  hippuric  acid  and  water  are  formed  thus,  C:H«Oi 
(Benzoic  acid)  +  C^HsNOs  (Glycin)  =  C»HjNOa  (Hippuric  acid)  + 11,0 
(water).     It  may  be  decomposed  by  uoids  into  benzoic  acid  and  glycin. 

Propertiefi. — It  is  a  colorless  and  odorless  substance  of  bitter  taste, 
crystallizes  in  semi-transparent  rhombic  prisms  (fig.  289).  It  is  more 
soluble  in  cold  water  than  uric  acid,  and  much  more  soluble  in  hot 
water.     It  is  soluble  in  tilcohol. 

Pigments.— The  pigments  of  the  urine  are  the  following: — 1,  Un/- 
f7/r/jmf?,  a  yellow  coloring  matter,  giving  no  absorption  band;  of  which 
but  little  is  known.  Urine  owes  its  yellow  color  mainly  to  the  pres- 
ence of  this  body.  %  VroMUn,  an  ora.nge  pigment,  of  which  traces  raaj 
be  found  in  nearly  all  urines,  and  which  is  especially  abundant  iu  the 
urines  passed  by  febrile  patients.  It  u  characterized  by  a  well-marked 
*oectroscopic  absorption  band  at  l\i^  function  of  green  and  blue,  best 
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in  acid  solutions;  and  by  giving  a  green  fluorescence  when  excess 

ammonia  with  a  little  chloride  of  zinc  is  added  to  it.    The  very 

vexed  queiStion  of  the  relation  of  the  pigments  of  urine  to  bile  pigments 

turns  Imrgelj  upon  the  spectroscopic  appearances  of  urobilin ;  for  orange- 

tfolared  aalntions  huving  tlie  «anie  absorption  bund  as  iirobilin  may  be 

prepared  from  bile  pigments  in  two  ditlerent  ways — i,  by  reduction  with 

^pdiuDi  amalgzHU — HydruhiJindnn  (Maly);  ii^  by  oxidiition  with  nitric 

nKeid — Choit/elifi  (J^iffe),  and  both  those  bile  derivatives  give  a  Huores- 

eence  with  ammonia  and  n  drop  of  cbloride  of  zinc.     It  is  not  satisfae- 

iorilj  settled  which  of  these,  if  either,  is  the  same  as  urobilin  of  urine. 

It  ia  worth  noting  that  cholotelin  may  be  oxidized  a  stage  further;  it 

then  loses  it«  absorption  band,  remaining  however  of  a  yellow  color.     It 

L^  Tery  possible  that  the  urochrome  of  normal  urine  may  be  this  oxi- 

^Hzed  choletelin,  and  that  the  presence  of  the  absorption  band  of  urobilin 

^ni  urines  may  mean  that  some  of  the  pigment  is  in  the  stage  of  ehoiete- 

F  '  lin;  iV,»  that  its  oxidation  is  not  quite  completed. 

Thoee  who  believe  urobilin  to  be  identical  with  hydrobilimbin  sup- 
pose that  the  bilirubin  is  reduced  by  the  putrefactive  processes  in  the 
^^jntcslioes,  and  is  conveyed  in  its  reduced  form  by  the  blood  stream  to 
^pbe  kidneys. 

^^      3,   Cro-ert/thnn  is  the  pigment  wbicb  is  found  in  the  pink  deposits 
amies  which  are  sometimes  seen  in  urines;  it  communicates  a  rich 
i-omnge  color  to  urine  when  in  solution,  and  its  solutions  have  two 
faint  absorption  hands  in  tbe  green. 

4.  Uromrlanin.     When  urine  is  bailed  with  strong  acids  it  darkens 
I  a  reddish- brown  color.     This  change,  once   ascribed    to   the   forma- 

of  a  new  pigment  uromelanin,  is  now  believed  to  he  due  to  the 
noe  in  urine  of  pyrocatechin  and  allied  bodies  whieli  are  capable 
of  taking  up  oxygen  when  boiled  with  acids,  yielding  COj  and  brown 
er  black  residual  products, 

5.  Indigo  is  rarely  found  in  urines,  to  which  it  may  communicate  a 
blue  or  green  color.     Urine  frequently  contains  a  compound  which  is 

P'ther  a  glocoside,  Imlivan;  or  more  probably  a  salt  of  indoxyl-snlphnric 
rid-  It  yields  indigo  blue  when  treated  with  strong  hydrochloric  acid 
kd  left  to  stand  for  some  hours  exposed  to  the  air;  the  indigo  may  bo 
pamted  by  treatment  with  boiling  chloroform,  which  takes  it  up^ 
»rming  a  blue  solution. 
There  is  a  similar  compound  of  skatol  and  sulphuric  acid  which  is 
aomatinies  recognized  in  the  urine,  by  the  production  of  a  red  color 
when  nitric  acid  is  added  to  it. 

Many  medicinal  substances  color  the  urine,  for  instance  Rhubarb, 
Santonin,  Senua,  Fuchsine,  Carbolic  Acid, 

Bromides  and  Iodides  yield  Bromifte  or  Iodine^  when  nitric  acid  is 
added  to  the  prine  of  patients  taking  these  drugs.     In  the  case  of  iodides 
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the  liberated  iodine  communicates  a  strong  mahogany  color  to  the  arine 
thus  treated. 

Mucus. — Mucus  in  the  urine  consists  principally  of  the  epithelial 
debris  from  the  mucous  surface  of  the  urinary  passages.  Particles  of 
epithelium,  in  greater  or  less  abundance,  may  be  detected  in  most  nm- 
pies  of  urine,  especially  if  it  has  remained  at  rest  for  some  time,  and  the 
lower  strata  are  then  examined  (fig.  290).  As  urine  cools,  the  mncus  is 
sometimes  seen  suspended  in  it  as  a  delicate  opaque  cloud,  but  generalh 
it  falls.  In  inflammatory  affections  of  the  urinary  passages,  especially 
of  the  bladder,  mucus  in  large  quantities  is  poured  forth,  and  speedily 
undergoes  decomposition.  The  presence  of  the  decomposing  mncDs 
excites  chemical  changes  in  the  urea,  whereby  carbonate  of  ammonium 
is  formed,  which,  combining  with  the  excess  of  acid  in  the  superphos- 
phates in  the  urine,  produces  insoluble  neutral  or  alkaline  phosphates 
of  calcium  and  magnesium,  and  phosphate  of  ammonium  and  magne- 
sium. These,  mixing  with  the  mucus,  constitute  the  peculiar  white, 
viscid,  mortar-likc  substance  which  collects  upon  the  mucous  sur&ceof 
the  bladder,  and  is  often  passed  with  the  urine,  forming  a  thick  tena- 
cious sediment. 

Extractives.— In  addition  to  those  already  considered,  urine  con- 
tains a  considcnible  number  of  nitrogenous  compounds.  These  are 
usually  descTibed  under  the  generic  name  of  Exlractix^es.  Of  these,  the 
chief  are:  (1)  Kreatinin  (C4II7NSO),  a  substance  derived, probably, from 
the  metamorphosis  of  muscular  tissue,  crystallizing  in  colorless  oblique 
rhombic  prisms;  a  fairly  definite  amount  of  this  substance,  about  15 
grains  (I  grm.),  appears  in  the  urine  daily,  so  that  it  must  be  looked 
upon  as  a  normal  constituent;  it 'is  increased  by  increasing  the  ni- 
trogenous constituents  of  the  food;  (2)  Xanthin  (C^N^H^O,),  when 
isolated,  is  an  amorphous  powder  soluble  in  hot  water;  (3)  Sarkin,  ot 
htjpo-xanthin  (C,N\H,0);  (4)  Oxaluric  add  (C,H,X,OJ,  in  combi- 
nation with  ammonium  in  the  urine  of  the  new-born  child ;  (5)  AUantoin 
(C4II6X4O8).  All  these  extractives  are  chiefly  interesting  as  being  closely 
connected  with  urea,  and  mostly  yielding  that  substance  on  oxidation. 
Leucin  and  tyrosin  can  scarcely  be  looked  upon  as  normal  constituents 
of  urine. 

Saline  Matter. — (a)  The  SulpJmric  add  in  the  urine  is  combined 
chielly  or  entirely  with  sodium  or  potassium;  forming  salts  which  are 
taken  in  very  small  quantity  with  the  food,  and  are  scarcely  found  in 
other  fluids  or  tissues  of  the  body;  for  the  sulphates  commonly  enumer- 
ated amonp;  the  constituents  of  the  ashes  of  the  tissues  and  fluids  are 
for  the  most  part,  or  entirely,  produced  by  the  changes  that  take  place 
in  the  burning.  Only  about  one-third  of  the  sulphuric  acid  found  in 
the  urine  is  derived  directly  from  the  food  (Parkes).     Hence  the  greater 

ot  the  sulphuric  acid  -whiek  U\e  ^ul^h&te^  in  the  urine  contain, 


be  formed  in  the  blood,  or  in  the  act  of  secretion  of  nnne;  the 
lur  of  which  the  acid  is  formed  being  probably  derived  from  the 
GompoBing  nitrogenous  tissues,  the  other  elements  of  which  are  re* 
"ftolved  into  urea  and  uric  acid.     It  may  be  in  part  derived  also  from  the 
ilphur-holding  (aurin  and  cifdin,  which  can  be  found  in  the  liver, 
ings,  and  other  parts  of  the  body,  but  not  generally  in  the  excretions; 
id   which,  therefore,  must  be  broken    up.     Tlie  oxygen   is  supplied 
bhrougli  the  lungSj  and  the  heat  genomted  during  combination  with  the 
ilpbnr  is  one  of  the  subordinate  means  by  which  the  animal  tempera- 
ire  is  maintained. 

Besides  the  sulphur  in  these  salts,  some  also  appears  to  be  in  the 
rine  nncombined  with  oxygen;  for  after  all  the  enlphatee  have  been 
smoved  from  urine,  snlphuric  acid  may  be  formed  by  drying  and  bum- 
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1%  »l.— Urtiiaq'  (*dimeiit  of  trinle  pboeplutes  < large  Iprwmatlc  ci7BtalB)&od  urate  of  antino- 
im^  ntMn  urine  which  ha4  undergoue  alkalliH!  ferment&tioa. 

[ing  it  with  nitre.  From  three  to  five  grains  of  sulphur  are  thus  daily 
excreted.  The  combination  in  which  it  exists  is  uncertain:  possibly  it 
is  in  some  compound  analogous  to  cyst  in  or  cystic  oxide.  Sulphuric 
acid  also  exists  normally  in  the  urine  in  combination  with  phenol 
(CeHeO)  as  phenol-sulphuric  acid  or  its  corresponding  salts,  with 
sodium,  etc* 

(h)  The  phosphoric  acid  in  the  urine  is  combined  partly  with  the 
alkalies,  partly  with  the  alkaline  earths— about  lour  or  five  times  as 
much  with  the  former  as  with  the  latterp  In  blood,  saliva,  and  other 
alkaline  fluids  of  the  body,  phosphatc^s  exist  in  the  form  of  alkaline, 
neutral,  or  acid  salts.  In  the  urine  they  are  acid  salts,  viz.,  the  sodium, 
ammonium,  calcium,  and  magnesium  phosphates,  the  excess  of  acid 
being  (Liebig)  due  to  the  appropriation  of  the  alkali  with  which  the 
phosphoric  acid  in  the  blood  is  combined,  by  the  several  new  acids 
which  are  formed  or  discharged  at  the  kidneys,  namely,  the  uric,  hip- 
puriCj  and  sulphuric  acids,  all  of  which  are  neutralized  with  soda. 
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The  phoephates  are  taken  largely  in  both  Teget;*ble  and  animal  food; 
Bome  thus  taken  are  excreted  at  once;  others,  after  being  trangfomed 
and  incorporated  with  the  tissues.  Calcium  phosphate  formg  ibeprui- 1 
cipal  earthy  constituent  of  bone,  and  from  the  decomposition  of  the 
OBAeous  tissue  the  urine  derives  a  large  quantity  of  this  salt.  The  df, 
coinpoeition  of  other  tissvies  also,  but  especially  of  the  brain  and  ricr  - 
substance,  furnishes  large  supplies  of  phosphorus  to  the  urine,  wLick 
phosphorus  is  supposed^  like  the  sulphor,  to  be  united  with  oiygen,«ul 
then  combined  with  bases.  The  quantity  is,  however,  liable  to  ooniid* 
erable  variation.  Any  undue  exercise  of  the  brain  and  all  circam^tiiicei 
producing  nervous  exhaustion  increase  it  The  earthy  phosphate* in 
more  abundant  after  meals,  whether  of  animal  or  yegetable  food,  tad 
are  diminished  after  long  fasting.     The  alkaline  phosphates  are  Iik 


V\g,  S94,— CrytaAlMof  CytHin. 
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creased  after  aniouil  food,  diminished  after  vegetable  food.  Exercise 
increases  the  ulkaline,  but  not  the  earthy  phosphates.  Phosphorus 
uncombined  with  oxygen  appears,  like  sulphur,  to  be  excreted  in  llw 
urine.  When  the  urine  undergoes  alkaline  fermentation  phosphates  are 
deposited  in  the  form  of  a  vrinary  sediment,  consisting  chiefly  of 
am ra on io- magnesium  phosphates  (triple  phosphate)  (fig,  291),  The 
compouTid  docs  not,  as  such,  exist  in  healthy  urine.  The  ammonia  is 
chiefiy  or  wholly  derived  from  the  decomposition  of  urea. 

(r.)  The  Chlorine  of  the  urine  occurs  chiefly  in  combination  with 
sodium  {next  to  urea,  sodium  chloride  is  the  most  abundant  solid  oon- 
stitoent  of  the  urine),  but  alightly  also  with  ammonium,  and,  perhaps 
potassium.  As  the  chlorides  exist  largely  in  food,  and  in  most  of  the 
animal  fluids,  their  occurrence  in  the  urine  is  easily  understood. 

Occasional  Constituents.— Cv.«/i«  (CuHtN  80^)  (Gg,  292)  ia  an 
occasional  constituent  of  urine.  It  resembles  taurin  in  containing  i 
large  quantity  of  sulphur— more  than  25  per  cent.  It  does  not  exist  m 
healthy  urine. 

Another  common  morbid  constituent  of  the  urine  is  Oxalu  acidf 
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iich  is  frequently  deposited  in  combination  with  calcium  {fig.  293)  as 
Urinary  sediment.     Like  eystin,  but  much  more  commonly^  it  is  the 
ehief  constituent  of  certain  calculi* 

^Of  the  other  abnormal  constituents  of  the  urine  which  were  men- 
omedonp,  393,  it  will  be  unnecessary  to  speak  at  length  in  this  work. 
Gases. — A  small  quantity  of  gas  is  naturally  present  in  the  urine  in 
11  state  of  solution.     It  consists  of  carbonic  acid  (chiefly)  and  nitrogen 
'     msxd  II  small  quantity  of  oxygen. 

^  The  excretion  of  the  urine  by  the  kidney  is  believed  to  confiist  of 
Htwo  more  or  less  distinct  processes^ — viz.,  (1)  of  FiUrafiouj  by  which 
H  Ihe  water  and  the  ready-formed  salts  are  eliminated;  and  (2)  of  True 
U6*ei-reiiaN,  by  which  certain  subgtances  farming  the  chief  and  more  Lm* 
B  portant  part  of  the  urinary  solids  are  removed  from  the  blood.  This 
division  of  function  corresponds  more  or  less  to  the  division  in  the 
fanctions  of  other  glands  of  which  we  have  already  treated.     It  will  be 

IMS  well  to  consider  them  separately. 
Filtration. — This  part  of  the  renal  function  is  performed  within 
the  Malpigh  ian  corpuscles  by  the  renal  glomeruli.   By  it  not  only  the  water 
is  strained  off,  but  also  certain  other  constituents  of  the  urine,  e.y., 
sodium  chloride,  are  separated.     The  amount  of  the  fluid  filtered  off  de- 

■  pends  almost  entirely  upon  the  blood*pres8ure  in  the  glomeruli. 
The  greater  the  blood-pressure  in  the  arterial  system  generally,  and 
consequently  in  the  renal  arteries,  the  greater,  ctBteriii  ptiridn^,  w\l\  he 

I  the  blood-pressure  in  tlie  glomeruli,  and  the  greater  the  quantity  of 
urine  aepamted ;  but  even  without  increase  of  the  general  blood-pres- 
sure, if  the  renal  arteries  be  locally  dilated,  the  pressure  in  the  glomeruli 
will  be  increased  ^^nd  with  it  the  secretion  of  urine.  All  the  causes,- 
therefore,  which  increase  the  general  blood-pressure  will  secondarily 
H  increase  the  secretion  of  urine.     Of  these— 

H  (1)  The  heart's  action  is  among  the  most  important.  When  the 
B  cardiac  contractions  are  increased  in  force  or  frequency,  increased 
*      diuresis  is  the  result, 

1(2)  Since  the  connection  between  the  general  blood-pressure  and  the 
nervous  system  is  so  close  it  will  be  evident  that  the  amount  of  urine 
fiocreted  depends  greatly  upon  the  influence  of  the  latter.  This  may  be 
demonstnited  experimentally.  Thus,  division  of  the  spinal  cord»  by 
producing  general  vascular  dibitation,  causes  a  great  diminution  of  blood- 
pressnre,  and  so  diminishes  the  amount  of  water  passed;  since  the  local 
dilatation  in  the  renal  arteries  is  not  sufficient  to  counteract  the  general 
diminution  of  pressure.  Stimulation  of  the  cut  cord  produces,  strangely 
enough,  the  same  results — i^e.^  a  diminution  in  the  amount  of  the  urine 
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passed,  but  in  a  different  way,  viz.,  by  constricting  the  arteries  garni 
and,  among  others,  the  renal  arteries;  the  diminution  of  blood-pnw 
resulting  from  tlie  local  resistance  In  the  renal  arteries  being  ru  - 
potent  to  rliminiyh  blood-pressure  in  the  glomeruli  than  tlie  ge&td 
increase  of  blood-pressure  is  to  increase  it.  Section  of  the  renal  oena 
which  produces  had  dilatation  without  greatly  diminishing  the  gentnl 
blood- pressure  will  cause  an  increase  in  the  quantity  of  fluid  paased. 

(3)  The  fact  that  in  summer  or  in  hot  weather  the  urine  i«  dima. 
iehed  may  be  attributed  partly  to  the  copious  elimination  of  water  hj 
the  fikin  in  the  form  of  sweat  which  occurs  in  summer,  as  *  - 
with  the  greatly  diminislied  functional  activity  of  the  skin  » 


Tiff.  2il4.—J>iagrun  of  Hoy*s  Oncompt4M-.  a.  repreaentfi  the  kidney  foclosed  in  a  imuI  boL 
which  opeoB  by  hinge/:  b.  tht*'  rvual  resuels  and  duct.  SuiToiitiflm*f  Uie  kldtiey  are  two  ctauBtan 
formed  oy  mejiibninusi,  the  etJ^^eti  of  which  iire  llrinly  flx«d  by  being  c-larii)^^]  r*ftw««ii  tiie  vvoHi 
metiiJ  cApsuIe.  and  ouh  tntit  rt^prccieuieil  in  t\w  fi^r""**  inaide,  ihe  two  bein>:  flrtuly  w!rew«d  ki^eite 
by  Kcrewti  at  h,  ami  txdfiw.  '1  be  iriembruuMUti  ehaiulier  betow  is  flUc^d  witii  a  varyio^  tinoiuBt  o( 
warm  i>il,  aeconhiig  to  thr  Hixn'*  ot  Ihe  kidney  ex])eriiiie[itetl  with,  thrviuf^h  ibe  iTpcnJli^  Uicit  (ittid 
with  the  [ihii^  f.  Aft4?:r  the  kidneYhax;  bi^n  lnr1«MH^I  in  the  eap«:iile,  tlie  menibranotischAiiiberaboti 
jti  Hilleil  with  warm  oil  throu^b  tbe  iiibe  e,  which  in  theu  closed  by  a  tap  <  not  rrpreBented  talk 
dtagranij:  the  tulie  d  coiniiiiJiiie4it4-9  with  A  redsrdlng  ADparatua,  and  any  alteratJou  in  tb^  vntanc 
of  tne  kidney  i»  cojnmuiilcated  by  tlie  oU  in  the  tube  to  Uie  eliamber  d  of  the  OocoiEnipli,  0^.  WL 

but  also  to  the  dilated  condition  of  the  vessels  of  the  skin  causing  i 
decrease  in  the  general  blood -prefigure.  Thus  we  see  that  in  regani  to  | 
the  elimiBHtion  of  water  from  the  system,  the  skin  and  kidneys  perform  j 
similar  fnnctione,  and  are  capable  to  some  extent  of  acting  vicarionsljj 
one  for  the  other.  Their  relative  activities  are  inversfily  proportionill 
to  each  other. 

Tlie   intirnat'e  conueetion  which  exists  between  the  volume  of  the  kidsfifj 
and    thi*   variationa   of   blood  pressurp   is  exceedingly    well    shown   with 
Oncometer,  intrfKluced  by   Roy.  which   la  a  modi  fixation    of  the    pleth; 
Kraph,  fi|^.  2iM.     By  moanf*  of  this  apparatus  any  alteration    in  the  volume  (^ 
the  kirlney  is  eommimirat**d  to  an  apparatiiti  [oncograph],  caimhle  of  recording 
graphically,  with  a  writing  levet,  biacVi  ^atv^xXcnia. 


ndafirl 

imf  (^^ 
wording 
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I  Xi  lias  been  found  that  the  kidney  is  extremely  eeneitive  to  any 

I  i^ieration  in  the  geiienil  blood- pressure,  every  full  in  the  general  hlood- 
i  'pressure  being  aceompanied  by  a  decrease  in  the  volume  of  the  kidney, 
,  *nil  every  rise,  unless  produced  by  considerable  constriction  of  the 
^  TH>riphenil  vessels,  including  those  of  the  kidney,  being  accompanied  by 
corresponding  increase  of  volume.  Increase  of  volume  is  followed 
^y  an  increase  in  the  amount  of  urine  secreted,  and  decrease  of  volume 
^J  a  decrease  in  the  secretion.  In  addition,  however,  to  the  response  of 
be  kidney  to  alterations  in  the  general  blood-pressure,  it  baa  been 
I  further  observed  that  certain  subetanoes,  when  injected  into  the  blood, 
II  also  produce  an  increase  in  volume  of  the  kidney,  and  consequent 
flow  of  urine,  without  affecting  the  general  blood-pressure — 


Flir.  2B5.— Roy •«  Oncograph,  or  »pp«uti»ii«  for  reforiiinK  ftlterotions  In  the  volume  of  th*  kidney, 
,  mm  sboiWD  by  the  oncotneif^r— <i,  iiprl^bt,  KitpiKirtiriK  revordiiig  It'ver  i,  whicb  in  rAiH»*cl  or  lowvTwi 
tUe  fc,  which  works  throti^h/.  nnd  whicti  in  Rtta<  h»*(l  to  the  piitron  e,  wf>rkin|f  in  tJu"  utiaiiiber 
i  wrtiicb  Ihe  tube  from  the  oncfuiieter  coniiniuik'ates.  The  idJ  in  prevent**!  f  rii>rii  tM^ing:  liuueciiasied 
\  the  plptoo  descends  by  a  metnbrfiiif,  which  in  clamped  betwfH^^^n  the  ringnihaped  aurfacea  of 
'"^  by  the  acreir  i  wortetog^  upward;  the  tube  A  ift  for  QILIhk  tlie  injtt rumt^nt. 


ich  bodies  as  sodium  acetate  and  other  diuretics.  Thede  obserTations 
>pear  to  prove  that  local  dilatation  of  the  renal  vessels  may  be  produced 
by  alterations  in  tbe  blood  acting  upon  a  local  nervous  mechanism,  as  this 
lappens  when  all  of  the  renal  nerves  have  been  divided.  The  altera- 
ions  are  not  only  produced  by  the  addition  of  drugSj  but  also  by  the  in- 
trodnction  of  comparatively  small  quantities  of  water  or  saline  solution. 

_To  this  alteration  of  tbe  blood  acting  upon  the  renal  vessels  (either 
lirectly  or)  through  a  local  vaso-motor  mechanism,  and  not  to  any  great 

^alteration  in  the  general  blood -pressure,  must  we  attribute  the  effects  of 
meals,  etc.,  observed  by  Roberts.  The  renal  excretion  is  increased  after 
meals  and  diminished  during  fasting  and  sleep.  The  increase  begins 
within  the  first  hour  after  breakfast,  and  continues  during  the  succeed- 
ing  two  or  three  hours;  then  a  diminution  sets  in^  and  continues  until 

Ian  hour  or  two  after  dinner.     The  effect  of  dinner  does  not  appear  until 
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two  or  three  hours  after  the  meal;  and  it  reaches  its  maximum  aboit 
the  fourth  hour.  From  this  period  the  excretion  steadily  decream 
until  bed-time.  During  sleep  it  sinks  still  lower,  and  reaches  its  miu. 
mum — being  not  more  than  one-third  of  the  quantity  excreted  during 
the  hours  of  digestion.  The  increased  amount  of  urine  passed  after 
drinking  large  quantities  of  fluid  probably  depends  upon  the  dilntcj 
condition  of  the  blood  thereby  induced. 

The  following  table  *  will  help  to  explain  the  dependence  of  ih 
filtration  function  upon  the  blood-pressure  and  the  nervous  sjstem:- 

Tabi^  of  the  relation  of  the  secretion  of  Ubins  to  Arterial  Presstbl 

A.  Secretion  of  urine  may  be  increased — 

a.  By  increasing  the  general  blood-preamre;  by 

1.  Increase  of  the  force  or  frequency  of  heart-beat. 

2.  Constriction  of  the  small  arteries  of  areas  other  than  that  of  Uv 

kidney. 
h.  By  increasing  Hie  local  blood-pressure,    by   rdaxation  of  tint  nto.' 
artery,  without  compensating  relaxation  elsewhere  ;  by 

1.  Division  of  the  renal  nerres  (causing  polyuria). 

2.  Division  of  the  renal  nerves  and  stimulatioii  of  the  cord,  belov 

the  medulla  (causing  greater  polyuria). 

3.  Division  of  Uie  splanchnic  nerres ;   but  the  polyuria  produc^^  is 

less  than  in  1  or  2,  as  these  nenrea  are  distributed  to  a  wider 
urea,  and  the  dilatation  of  the  renal  artery  is  accompanied  bj 
dilatation  of  other  vessels,  and  therefore  with  a  somewhat  di 
niinished  general  blood  supply. 

4.  Puncture  of  the  floor  of  fourth  ventricle  or  mechanical  hritation 

of  the  superior  cervical  ganglion  of  the  sympathetic,  postublj 
from  the  pnxiu(*,tion  of  dilatation  of  the  renal  arteries. 

B.  Secretion  of  urine  may  be  diminished — 

a.  By  diminishing  the  general  blood-pressure;  by 

1.  Diminution  of  the  force  or  frequency  of  the  heart- beats. 

2.  Dilatation  of  capillary  areas  other  than  that  of  the  kidney. 

3.  DiviHion  of  spinal  cord  below  the  medulla,  which  causes  dilata- 

tion of  general  abdominal  area,  and  urine  generally  ceaMs 
lK»ing  8(H!reted. 

b.  By  increasing  the  Nood- pressure,  by  stimulation  of  the  spinal  cord 

below  the  medulla,  the  constriction  of  tlie  renal  artery,  which  follows, 
not  being  comi)ensated  for  by  the  increase  of  general  blood-pressure. 

c.  By  constriction   of  the   renal   artery,    by    stimulating    the   renal  or 

splanchnic  nerves,  or  the  spinal  cord. 

Although  it  is  convenient  to  call  the  processes  which  go  on  in  the 
renal  glomeruli,  filtration,  there  is  reason  to  believe  that  they  are  not 
absolutely  raechanical,  as  the  term  might  seem  to  imply,  since,  when  the 
epithelium  of  the  Malpighian  capsule  has  been,  as  it  were,  put  out  of 

*  M(xiitied  from  Foster. 
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QjitT  by  ligature  of  th^  renal  artery^  on  removal  of  the  ligature,  the 
anne  bais  been  found  temporarily  to  contain  albumen^  indicating  that  a 
diectiTe  power  resides  in  the  healthy  epithelium,  which  allows  certain 
oonititnent  part«  of  the  blood  to  be  filtered  off,  and  not  others. 

Secretion. — That  there  Lb  a  second  part  in  the  proce^  of  the  exere- 
\mof  urine^  which  ia  true  secretion,  is  suggested  by  the  structure  of 
th^tubuli  nriniferi,  and  the  idea  is  supported  by  various  experiments. 
It  will  be  remembered  that  the  convoluted  portions  of  the  tubules  are 
lined  with  an  epithelium,  which  bears  a  close  resemblance  to  the  secre- 
toiy  epithelium  of  other  glands,  whereas  the  Malpighian  capsules  and 
ponions  of  the  loops  of  Ilenle  are  lined  simply  by  flattened  epithelium. 
The  two  functions  of  the  different  parts  of  an  uriniferous  tube  are,  then, 
•nggoited  by  the  differences  of  epithelium,  and  also  by  the  fact  that  the 
Hood  supply  to  the  different  parts  is  difft^rent,  since,  as  we  have  seen. 


(, — Curve  tftkeo  by  reuaJ  umxtanri^t  ixkoipreae-^— t^jili  tluii  uf  uriiiu&iy  blood -preBvare. 
a,  Kktocy  curre ;  6,  blcNod-prvesure  curre.    (Roy  J 

tUe  convoluted  tubes  we  surrounded  by  capillary  vessels  derived  from 
^©  breaking  u[»  of  the  efferent  vessels  of  the  Malpighian  tufts.  As  to 
^^e  functions  of  the  different  parts  of  the  uriniferous  tubes  in  the 
•«eretion  of  urine,  two  chief  theories  have  been  brought  forward.  The 
fiTvt,  suggested  by  Bowman  (1842),  and  still  generally  accepted,  is  that 
the  cells  of  the  convoluted  tubes,  by  a4)roce8s  of  true  secretion,  separate 
from  the  blood  substances  such  as  urea,  whereas  from  the  glomeruli 
we  separated  the  water  and  the  inorganic  salts.  The  second,  suggested 
^ijf  Lad  wig  (1844),  is  that  in  the  glomeruli  are  filtered  off  from  the 
^Mood  all  the  constituenta  of  the  urine  in  a  very  diluted  condition. 
^■Fhen  this  passes  along  the  tortuous  uriniferous  tube,  part  of  the  water 
Hk  re-abaor bed  into  the  vessels  surrounding  them,  leaving  the  urine  in 
f  A  more  concentrated  condition— retaining  all  its  proper  constituents. 
This  osmosis  is  promoted  by  the  high  specific  gravity  of  the  blood  in 
the  capillaries  surrounding  the  convoluted  tubes,  but  the  return  of  tlie 
iiT«a  and  similar  substances  is  prevented  by  the  secretory  epithelium  of 
the  tuboles.  The  first  theory  is,  however,  more  strongly  supported  by 
direct  experiment. 

By  using  the  kidney  of  the  newt,  which  has  two  distinct  vascular 
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supplies,  one  from  the  renal  artery  to  the  glomeruli,  and  the  other  boa 
the  renal-portal  vein  to  the  convoluted  tubes,  Nnssbaum  has  shown  tint 
certain  substances,  e.g.,  peptones  and  sugar,  when  injected  into  the 
blood,  are  eliminated  by  the  glomeruli,  and  so  are  not  got  rid  of  when 
the  renal  arteries  are  tied;  whereas  certain  other  substances,  e.g.,\im, 
when  injected  into  the  blood,  are  eliminated  by  the  conToluted  tnbei, 
even  when  the  renal  arteries  have  been  tied.  This  evidence  \b  Teiy 
direct  that  urea  is  excreted  by  the  convoluted  tubes,  that  is  to  say,  if  h 
is  certain  that  ligature  of  the  renal  artery  assists  the  circulation  throo^ 
the  glomeruli,  which,  however,  is  denied  by  AdamL 

Ueidenhain  also  has  shown  by  experiment  that  if  a  substance  (sodiam 
sulph-indigotate),  which  ordinarily  produces  blue  urine,  be  injected 
into  the  blood  after  section  of  the  medulla  which  causes  lowering  of  the 
blood-pressure  in  the  renal  glomeruli,  that  when  the  kidney  is  examioed, 
the  cells  of  the  convoluted  tubules  (and  of  these  alone)  are  stained  niik 
the  substance,  which  is  also  found  in  the  lumen  of  the  tubules.  Thii 
appears  to  show  that  under  ordinary  circumstances  the  pigment  at  my 
rate  is  eliminated  by  the  cells  of  the  convoluted  tubules,  and  that  when 
by  diminishing  the  blood-pressure,  the  filtration  of  urine  ceases,  the 
pigment  remains  in  the  convoluted  tubes,  and  is  not,  as  it  is  under 
ordinary  circumstances,  swept  away  from  them  by  the  flushing  of  them 
which  ordinarily  takes  place  with  the  watery  part  of  urine  derived  from 
the  glomeruli.  It  therefore  is  probable  that  the  cells,  if  they  excrete 
the  pigment,  excrete  urea  and  other  substances  also.  But  urea  acti 
somewhat  differently  to  the  pigment,  as  when  it  is  injected  into  the 
blood  of  an  animal  in  which  the  medulla  has  been  divided,  and  the 
secretion  of  urine  stopped,  a  copious  secretion  of  urine  results,  which 
is  not  the  case  when  the  pigment  is  nsed  instead  under  similar  condi- 
tions. The  flow  of  urine,  independent  of  the  general  blood-preesnre, 
might  be  supposed  to  be  due  to  the  action  of  the  altered  blood  upon 
some  local  viiso-motor  mechanism ;  and,  indeed,  the  local  blood-pressure 
is  directly  affected  in  this  way,  but  there  is  reason  for  believing  that 
part  of  the  increase  of  the  secretion  is  due  to  the  direct  stimulation  of 
the  cells  by  the  urea  contained  in  the  blood. 

To  sum  up,  then,  the  relation  of  the  two  functions:  (1.)  The  process 
of  filtration,  by  which  the  chief  part,  if  not  the  whole,  of  the  fluid  i& 
eliminated,  together  with  certain  inorganic  salts  and  possibly  other 
solids,  is  directly  dependent  upon  blood-pressure,  is  accomplished  by 
the  renal  glomeruli,  and  is  accompanied  by  a  free  discharge  of  solids 
from  the  tubules.  (2.)  The  process  of  secretion  proper,  by  which  urea 
and  the  principal  urinary  solids  are  eliminated,  is  only  indirectly,  if  at 
all,  dependent  upon  blood-pressure,  is  accomplished  by  the  cells  of  the 
convoluted  tubes,  and  is  sometimes  (as  in  the  case  of  the  elimination  of 
urea  iind  similar  substances)  accompanied  by  the  elimination  of  copious 


KXCRETION. 

* 

td,  produced  by  the  chemical  stiinwlation  of  the  epithelium  of  the 
le  tubules. 


The  Passage  of  Urine  into  the  Bladder, 

As  each  portion  of  urine  is  secreted  it  propels  that  which  is  already 
the  uriniferoua  litbeB  oriwiird  into  the  peivis  of  the  kidney.     Thence 
lugh  the  ureter  the  urine  passes  into  the  bladder,  into  which  its  rate 
mode  of  entrance  has  been  watched  in  ciise^  of  ectopia  vemcw^  ue,, 
each  fissures  in  the  anterior  or  lower  part  of  the  walls  of  the  abdo- 
en,  and  of  the  front  wall  of  the  bladder,  as  expose  to  viuw  its  liinder 
11  together  with  the  orifices  of  the  ureters.     The  urine  does  not  enter 
bladder  at  any  regular  rate,  nor  is  there  a  synchronism  in  its  move- 
ent  through   the  two  ureters.     During  fasting,  two  or  three  drops 
iter  the  bladder  every  minute,  each  drop  as  it  enters  first  mising  up 
little  papilla  on  wdiich,  in  these  cases,  the  ureter  opens,  and  then 
sing  slowly  through  its  orifice,  which  at  once  again  closes  like  a 
^hincten     In  the  recumbent  posture,  the  uriue  collects  for  a  little  time 
the  ureters,  then  flows  gently,  and,  if  the  body  be  raised,  runs  from 
em  in  a  stream  till  they  are  empty.     Its  flow  is  aided  by  the  peristaltic 
atractions  of  the  ureters,  and  is  increased  in  deep  inspiration,  or  by 
ining,  and  in  active  exercise,  and  in  fifteen  or  twenty  minutes  after 
aeaL     The  urine  collecting  is  prevented  from  regurgitation  into  the 
&ters  by  the  mode  in  which  tliese  pass  through  the  walls  of  the  blad- 
r,  namely,  by  their  lyiug  for  between  half  and  three-quarters  of  an 
between  the  muscular  and  mucous  coats  before  they  turn  rather 
bruptly  forward^  and  open  through  the  latter  into  the  interior  of  the 
gladder. 

■  Micturition. — The  contraction  of  the  muscular  walls  of  the  bladder 
^■ay  by  itself  expel  the  urine  with  little  or  no  help  from  other  muscles. 
Bi  so  far,  however,  ns  it  is  a  rt/ittnt(trf/  act,  it  is  performed  by  means  of 
the  abdominal  and  other  expiratory  muscles,  which  in  their  contraction, 
as  before  explained,  press  on  the  abdominal  viscera,  the  diaphragm  being 
fixedy  and  cause  the  expulsion  of  the  contents  of  those  whose  sphincter 
muscles  are  at  the  same  time  relaxed.  The  muscular  coat  of  the  blad* 
der  co-operates,  in  micturition,  by  reflex  iuvofttntartf  action,  with  the 
ttbdomtnat  muscles;  iind  the  act  is  completed  by  the  accrhrafo}*  urinw, 
which,  as  its  name  implies,  quickens  the  stream,  and  expels  the  last 
drop  of  urine  from  the  urethra.  The  act,  so  far  as  it  is  not  directed  by 
Tolition,  is  under  the  control  of  a  nervous  tenfre  in  the  lumbar  spinal 
cord,  through  which,  as  in  the  case  of  the  similar  centre  for  defiecation, 
the  various  muscles  concerned  are  harmonized  in  their  action*  It  is 
well  known  that  the  act  may  be  reOexly  induced,  e,g.^  in  children  who 
suffer  from  intestinal  worms^  or  other  such  irritation.     Generally  the 


J 


410  HAXDBOOK  OF   PHYSIOLOGY. 

afferent  impalse  which  calls  into  action  the  desire  to  micturate  \&  eidtci 
by  over-distentiun  of  the  bladder,  or  even  by  a  few  drops  of  nrat 
passing  into  the  urethra.  This  passes  up  to  the  lumbar  centre  (or  gq. 
tres)  and  produces  on  the  one  hand  inhibition  of  the  sphincter  andn 
the  other  hand  contraction  of  the  necessary  muscles  for  the  expolsioncf 
the  contents  of  the  bladder. 

The  Structure  and  Functions  of  the  Skin. 

The  skin  serves — (1),  as  an  external  integument  for  the  protectwn 
of  the  deeper  tissues,  and  (2),  as  a  sensitive  organ  in  the  exercisv  of 
touch,  a  subject  to  be  considered  in  the  Chapter  on  the  St>ecial  Sensei; 
it  is  also  (3),  an  important  secretory  and  excretory,  and  (4),  an  ab&DA. 
ing  organ,  already  noticed,  p.  412;  while  it  plays  an  important  part  h 
(5)  the  regulation  of  the  temperature  of  the  body.  (See  the  Chapter  on 
Animal  Heat.) 

Structure.— l^he  skin  consists  principally  of  a  vascular  tissue  named 
the  corium,  derma,  or  cutis  vera,  and  of  an  external  covering  of  epitlw- 
Hum  termed  the  epidermis  or  cuticle.  Within  and  beneath  the  cerium 
arc  imbedded  several  organs  with  special  functions,  namely,  sudoriftrm 
gXixn^^,  sebaceous  glands,  and  hair  follicles ;  and  on  its  surface  are  sensi- 
tive papillce.  The  so-called  appendages  of  the  skin — the  hair  and  naili 
— are  modifications  of  the  epidermis. 

Epidermis. — The  epidermis  is  composed  of  several  strata  of  cells  of 
various  shapes  and  sizes;  it  closely  resembles  in  its  structure  the  epithe- 
lium of  the  mucous  membrane  that  lines  the  mouth.  The  following 
four  layers  may  be  distinguished  in  a  more  or  less  developed  form:  1. 
Stratum  tornrtnn  (fig.  297,  a),  consisting  of  superposed  layers  of  homy 
seniles.  The  different  thickness  of  the  epidermis  in  different  regions  of 
the  body  is  chiefly  due  to  variations  in  the  thickness  of  this  layer;  e^^ 
on  the  horny  parts  of  the  palms  of  the  hands  and  soles  of  the  feet  it  is 
of  great  thickness.  The  stratum  corneum  of  the  buccal  epitheliam 
chiefly  differs  from  that  of  the  epidermis  in  the  fact  that  nuclei  are  to 
be  distinguished  in  some  of  the  cells  even  of  its  most  superficial  layers. 

2.  Stratum  lucidutu,  a  bright  homogeneous  membrane  consisting  of 
squamous  cells  closely  arranged,  in  some  of  which  a  nucleus  can  be  seen. 

;3.  Stratum  f/rauutosum,  consisting  of  one  layer  of  flattened  cells 
which  aj)i)ear  futjiform  in  vertical  section :  they  are  distinctly  nucleated, 
and  a  number  of  gmuules  extend  from  the  nucleus  to  the  margins  of 
the  coll. 

4.  Stratum  .}faI/H'f/tiii  or  JMe  mucosum  consists  of  many  strata. 
The  deepest  cells,  placed  immediately  above  the  cutis  vera,  are  columnar 
with  oval  nuclei:  this  layer  of  columnar  cells  is  succeeded  by  a  nnmber 
of  layers  of  more  or  less  polyhedral  cells  with  spherical  nuclei;  the  cells 
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the  more  snperficial  liijors  are  considenibly  flattened.  The  deeper 
ttixce  of  the  rete  mucoSHm  is  iiccurateJj  adapted  to  the  pa  pi  1  he  of  the 
skiu,  being,  aa  it  were,  moulded  on  tliein.  It  is  very  constant  in 
iickness  in  all  parts  af  the  skin.  The  cells  of  the  middle  kyers  of 
'the  strutum  Malpighii  are  almost  all  connected  by  processes*  utid'^  thus 
form  prickle  cells  (fig.  35).  The  pigment  of  the  akin,  the  varying  quan- 
tity of  which  causes  the  various  tints  observed  in  different  individuals 
and  different  races,  is  contained  in  the  deeper  cells  of  rete  inuoosum; 
tli«  pigmented  cells  aa  they  approach  the  free  surface  gradually  losing 
their  color.     Epidermis  maintains  its  thickness  in  spite  of  the  constant 


>^ 


.-^L^, 


ip.  flf.^Tenlca]  Mclkm  of  Uteefiiderniis  of  the  pr«fpiM?e.    n,  stmtum  oometim,  of  verf  Um 
,  Umb  alffttufii  luddutn  and  ntTftttim  crnQulofluin  not  being  dUtlnctly  reprf>»«!iit«<t ;  b.  r,  d.  aihI  «, 
» lagrm  of  thm  ■tnUuni  Malpijriiti.  a  oertAio  numl^er  of  tU^  c«IIh  Id  lnyen  <i  And  e  ahowiug  skga^  of 
~ifeMlQii:  ln^jvr  c  oooiiAts  cbfefly  M  priclcle  or  ridgii  and  furrow  oelU;  /,  bMomeut  membt-aoe; 
la  cmito  wenL    (CadlaLj 


wear  and  lear  to  which  it  is  subjected.  The  columnar  cells  of  the  deep- 
est layer  of  the  rete  mucosum  elongate,  and  their  nuclei  divide  into  two 
(fig,  2^7,  «).  Lastly  the  npper  part  of  the  cell  divides  from  the  lower; 
thai  from  a  long  columnar  cell  are  produced  a  polyhedral  cell  and  a 
•faort  columnar  cell:  the  latter  elongates  and  the  process  is  repeated. 

Klie  polyhedral  cells  thu^i  formed  are  pushed  up  toward  the  free  surface 
f  the  production  of  fresh  ones  beneath   them,  and  become  flattened 
rom  pressure:  they  also  become  gradually  horny  by  evaporation  and 
ransformation  of  their  protoplasm  into  keratin,  till  at  last  by  rubbing 
in  ordinary  wear  and  tear  they  are  detached  as  dry  horny  aoiles  at  the 
free  sorface.    There  ia  thus  a  constant  production  of  fresh  celU  in  the 
^7 
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deeper  layers,  and  a  constant  throwing  off  of  old  ones  from  the  free  siut. 
face.  When  these  two  processes  are  accurately  balanced,  the  epidemm 
maintains  its  thickness.  When,  by  intermittent  pressnre  a  more  actWe 
cell-growth  is  stimulated,  the  production  of  cells  exceeds  their  waste  and 
the  epidermis  increases  in  thickness,  as  we  see  in  the  horny  hands  of  the 
laborer. 

The  thickness  of  the  epidermis  on  the  different  portions  of  the  eldn 
is  directly  proportioned  to  the  friction,  pressure,  and  other  sonrces  of 
injury  to  which  it  is  exposed;  for  it  serves  as  well  to  protect  the  sensi- 
tive  and  vascular  cutis  from  injury  from  without,  as  to  limit  the  evap- 
oration  of  fluid  from  the  blood-vessels.  The  adaptation  of  the  epider- 
mis to  the  latter  purposes  may  be  well  shown  by  exposing  to  the  air  two 
dead  hands  or  feet,  of  which  one  has  its  epidermis  perfect,  and  the 
other  is  deprived  of  it;  in  a  day,  the  skin  of  the  latter  will  become 
brown,  dry  and  horn-like,  while  that  of  the  former  will  almost  retain  its 
natural  moisture. 

Cutis  vera. — The  corium  or  cutis  vera,  which  rests  upon  a  layer  of 
adipose  and  cellular  tissue  of  varying  thickness,  is  a  dense  and  tough, 
but  yielding  and  highly  elastic  structure,  composed  of  fasciculi  of  ureolir 
tissue,  interwoven  in  all  directions,  and  forming,  by  their  interlace- 
ments, numerous  spaces  or  areolae.  These  areolae  are  large  in  the  deeper 
layers  of  the  cutis,  and  are  there  usually  filled  with  little  masses  of  fat 
(fig.  298) :  but,  in  the  superficial  parts,  they  are  small  or  entirely  oblit- 
erated.    Unstriped  muscular  fibres  are  also  abundantly  present. 

Papillae.— The  cutis  vera  presents  numerous  conical  papilla?,  with  a 
single  or  divided  free  extremity,  which  are  more  prominent  and  more 
densely  set  at  some  parts  than  at  others.  This  is  especially  the  case  on 
the  palmar  surface  on  the  hands  and  fingers,  and  on  the  soles  of  the  feet 
— parts,  therefore,  \n  which  the  sense  of  touch  is  most  acute.  On  these 
parts  they  are  dis])osed  in  double  rows,  in  parallel  curved  lines,  separated 
from  each  other  by  dei)ressiou8.  Thus  they  may  be  easily  seen  on  the 
palm,  whereon  each  raised  line  is  composed  of  a  double  row  of  papillae, 
ami  is  intersected  by  short  transverse  lines  or  furrows  corresponding 
with  the  interspaces  between  the  successive  pairs  of  papillas.  Over 
otlior  parts  of  tlie  skin  they  are  more  or  less  thinly  scattered,  and  are 
scarcely  elevated  above  the  surface.  Their  average  length  is  about  ji^ 
of  an  inch  (^  mm.),  and  at  their  base  they  measure  about  j^  of  an 
inch  in  diameter.  Each  papilla  is  abundantly  supplied  with  blood,  re- 
ceiving from  the  vascular  plexus  in  the  cutis  one  or  more  minute  arte- 
rial twigs,  wliicli  divide  into  capillary  loops  in  its  substance,  and  then 
reunite  into  a  minute  vein,  which  passes  out  at  its  base.  This  abun- 
dant supply  of  blood  explains  the  turgescence  or  kind  of  erection  which 
they  undergo  when  the  circulation  through  the  skin  is  active.  The 
majority,  but  not  all,  of  the  papillae  contain  also  one  or  more  terminal 


funded  by  blood-vessels  and  embedded  in  the  subcutaneous  adipose 
tissue  (fig.  298,  C).  From  this  niasSj  the  duct  ascends,  for  a  short  dis- 
tance in  a  spiral  manner  through  the  deeper  part  of  the  cutis,  then 
passing  straight,  and  then  sometimes  again  becoming  spiral,  it  passes 
through  the  epidermis  and  opens  by  an  oblique  valve-like  aperture. 
In  the  parts  where  the  epidermis  is  thin,  the  ducts  themselves  are 
thinner  and  more  nearly  straight  in  tbeir  course  (fig.  298).  The  duct, 
which  maintains  nearly  the  same  diameter  thToughout,  is  lined  with  a 
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layer  of  colamnar  epithelium  {^f^.  29D)  continaous  with  theepidenmi; 
while  the  part  which  passes  through  the  epidermis  is  a  mere  piaisage 
through  the  epidermal  cells  not  being  bounded  by  any  special  limii|; 
but  the  cells  which  immediately  form  the  boundary  of  the  cjinAl  inthii 
part  are  somewhat  differently  arnvnged  from  those  of  the  adjacent  cuii. 
cle.  The  coils  or  terminal  portions  of  the  gland  are  lined  with  at  lean 
two  layers  of  short  columnar  cells  with  very  distinct  nuclei  (fig^'Wi, 
and  possess  a  large  lumen  distinctly  bounded  by  a  special  lining  uf 
cuticle. 

The  sudoriferous  glands  are  abundantly  distributed  over  the  whol<f 
surface  of  the  body;  but  are  especially  numerous,  as  well  as  very  krp, 
in  the  skin  of  the  palm  of  the  hand  and  of  the  sole  of  the  foot,  Tl** 
glands  by  which  the  peculiar  odorous  matter  of  the  axillsB  is  semtM 


Wl$,  nOl^TennlDAl  tubfutes  of  sudorfferatu  j^landfs,  cut  Ld  vArioaa  dlrectioDfl  frocn  the  ikia  of  tk 

pig's  ear,    (y.  D.  Hani*.) 

form  a  nearly  complete  layer  under  the  cutisj  and  are  like  the  onJinan' 
sudoriferous  glands,  except  in  being  larger  and  having  very  short  ducti 

The  peculiar  bitter  yellow  substance  secreted  by  the  skin  of  theei- 
ternal  auditory  passage  is  named  cerumen^  and  the  glands  theraselm 
ceruminoiis  giwnds;  but  they  do  not  much  differ  in  structure  from  tke 
ordinary  sudoriferous  glands, 

(//)  Sebaeeouis  Glaudii, — The  sebaceous  glands  (figs.  298,  303),  lib 
sudoriferous  glands,  are  abundant  in  most  parts  of  the  surface  of  ibe 
body,  purticularly  in  parts  largely  supplied  with  hair,  as  the  scalp  and 
face.  They  are  thickly  distributed  about  tlie  entrances  of  the  ?amus 
passages  into  the  body,  as  the  anus,  nose^  lips,  and  external  ear,  Tbn 
are  entirely  absent  from  the  palmar  surface  of  the  hand  and  tbe 
plantar  surfaces  of  the  feet.  They  are  racemose  glands  composed  of  an 
aggregate  of  small  tubes  or  sacculi  lined  with  columnar  epithelium  and 
filled  with  an  opaque  white  substance,  like  soft  ointment,  which  consist* 
of  broken-up  epithelial  cells  which  kive  undergone  fatty  degeneratioD. 
Minute  ciipillary  vessels  overspread  them;   and  their   ducts   open  on 


EXCRETION. 


421 


ther  the  sarface  of  the  skin,  close  to  a  hair,  or,  which  is  more  nsual, 
^  directly  into  the  follicle  of  the  hair.  In  the  latter  case,  there  are  gener* 
^Bly  two  or  more  glands  to  each  hair  (fig*  298). 

^^  Hair. — A  hair  is  produced  by  a  peculiar  growth  and  modification  of 
^  the  epidermis.  Externally  it  is  covered  by  a  layer  of  fine  scales  closely 
^    imbricated,  or  overlappiag  like  the  tiles  of  a  house,  hut  with  the  free 

edges  turned  upward  (fig.  301,  a).     It  is  called  the  ndich  of  the  hair. 
•«  Beneath  this  is  a  much  thicker  layer  of  elongated  horny  cells,  closely 

packed  together  so  as  to  resemble  a  fibrous  etructure.     This,  very  corn- 
only,  in  the  human  subject,  occupies  the  whole  inside  of  the  hair;  but 
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Tig.  aOO  — TrausverBrt  ftectiott  of  A  hair  nnd  hAlr-folUcle  niiwl*^  below  the  opening  of  th€  eebaceoa^ 

»d      rt,  inecluJli%  r^r  |iith  of  the  Imir;  A,  fibr-in**  laver  ♦t  c^irter;  r,  cutirle;  d.  HuxIhv'w  layer;  e, 

iile*«  layp-r  of  intrmul  r<H»t  Nh«.'<tli ;  jTnuil  jv,  layo it*  of  t-xi*TtnU  r'M»r-t4tn*ftth»  outside  of  g  in  n  lii^ht 

jijrer,  or  **  glassy  ini*mJ>rjiRe.''*  which  is  equiviileuT  to  ihn  iMiKpmeiit  itieiul^rant';  h^  flJbrouB  ocmt  of 


pD  some  casi'S  lliere  ia  left  a  small  central  space  filled  by  a  substance 
illed  the  medttlln  ot  pifh,  composed  of  small  collections  of  irregularly 
mped  cells,  containing  sometimes  pigment  granules  or  fat,  but  mostly 


The  follicle,  in  which  the  root  of  each  hnir  is  contained  (fig.  ^02), 
arms  a  tubular  depression  from  tlie  siirfiicu  of  the  skiD, — descending 
ito  the  subcutaneous  fat,  generally  to  a  greater  depth  than  the  sudor- 
iferous glands,  and  at  its  deepest  part  enlarging  in  a  bulbous  form^  and 
often  curving  from  its  previous  rectilinear  course.  It  is  lined  through- 
out by  cells  of  epithelium,  continuous  with  those  of  the  epidermis,  and 
its  T.-allfl  are  formed  of  pellucid  membrane,  which  commonly  in  the 
follicles  cf  the  largest  hairs  h^is  the  structure  of  vascular  fibrous  tissue. 
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At  the  bottom  of  the  follicle  is  a  small  papilla^  or  projection  of  tme 
skin,  and  it  is  by  the  production  and  outgrowth  of  epidermiil  cells  from 
the  garfjice  of  this  papilla  that  the  hair  is  formed.  The  inner  wall  of 
the  follicle  is  lined  by  epidermal  cells  continuous  with  those  cov^riag 

J5 
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ed^es  of  the  oartlcal  mutUeu,    B^  wparabed  ■e&lea.  magullted  860  dSanu^ter*.    (^jSlllierO 

the  general  surface  of  the  skin ;  as  if  indeed  the  follicle  had  been  fonneil 
by  a  simple  thrusting  in  of  the  surface  of  the  integument  (fig,  30?). 
This  epidermal  lining  of  the  hair- follicle,  or  roai^sheaih  of  the  hair,  ii 
composed  of  two  layers,  the  inner  one  of  which  is  so  moulded  oo  the 
imbricated  scaly  cuticle  of  the  buir,  that  its  inner  surface  becomes  im- 
bricated also,  but  of  course  in  the  opposite  direction.     When  a  hairii 


tSc  dt 


Ftif.  3t)S.— LoufiituiUnaJ  nectiou  of  a  liftlr  follicle,    a.  Stratum  of  _ 
tlie  exterDitl  root  aneatli.  and  eoutmin^d  to  tJit*  surr»oe  of  th«  pftpUlA  to 
oCtl]«  hair;  t,  eecoDd (Eternal  sheath;  c,  iQtertiiil  root-abeath ;  d,  abroid 
medullftrx  Kbeath  or  medulla;  /,  hair  papilla;  £r,  blood-Tettela  of  the  hair 
■lieaih.    (Cadiat.) 


™  CH  iliBhiir:a 
;  K,  flbro-irwtiultr 


pulled  out,  the  inner  layer  of  the  root-sheath  and  part  of  the  outer 
layer  also  are  commonly  pulled  out  with  it. 

Nails* — A  nail,  like  a  hair,  is  a  peculiar  arrangement  of  epidermal 
cells,  the  undermost  of  which,  like  those  of  the  general  surface  of  the 
integument,  are  rounded  or  elongated,  while  the  superficijil  are  flui- 
tened,  and  of  more  horny  consistence.     Thut  specially  modided  portion 
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^rittm,  or  true  skin,  by  which  the  nail  is  secreted  is  called  the 


irtx. 


The  hack  edge  of  the  nail,  or  the  root  as  it  is  termed,  is  received  into 
^flhmllow  crescentic  groove  in  the  matrij-,  while  the  front  part  is  free 
id  projects  beyond  the  extremity  of  the  digit*  The  intermediate  por- 
Ion  of  the  nail  rests  by  its  broad  under  surface  on  the  front  part  of  the 
itrix,  which  is  here  called  the  bed  of  the  naiL  This  part  of  the  matrix 
is  not  uniformly  smooth  on  the  surface,  hut  is  raised  in  the  form  of 
longitudinal  and  nearly  parallel  ridges  or  laniinaa,  on  which  are  moulded 
the  epidermal  cells  of  which  the  nail  is  made  up. 

The  growth  of  the  nail,  like  that  of  the  hair,  or  of  the  epidermis  gen- 
erally, is  effected  by  a  constant  production  of  cells  from  beneath  and 
behind,  to  take  the  place  of  those  which  are  worn  or  cut  away.  Inas- 
much, however,  as  the  posterior  edge  of  the  nail,  from  its  being  lodged  in 
k groove  of  the  skin,  eaiinot  grow  backward^  on  additions  being  made 
it,  80  easily  as  it  can  pass  in  the  opposite  direction,  any  growth  at  its 
ider  part  pushes  the  whole  forward.  At  the  same  time  fresh  cells 
added  to  its  under  surface,  and  thus  each  portion  of  the  nail  becomes 
ftdnally  thicker  as  it  moves  to  the  front,  until,  projecting  beyond  the 
irface  of  the  matrix,  it  can  receive  no  fresh  addition  from  beneath,  and 
i  simply  moved  forward  by  the  growth  at  its  root,  to  be  at  last  worn 
iway  or  cut  off. 

FCNCTIONS   OF   THE   SkIN. 

The  function  of  the  skin  to  be  considered  in  this  chapter  is  that  of 
lie  excretion  of  the  sweat.  The  fluid  secreted  by  the  sweat-glands  k 
Bually  formed  so  gradually  that  the  watery  portion  of  it  escapes  by 
raporation  as  fust  as  it  reaches  the  surface.  But  during  strong  exer- 
se,  exposure  to  great  external  warmth,  in  some  diseases,  and  when 
raporation  is  prevented,  the  secretion  becomes  more  sensible,  and  col- 
Bis  on  the  skin  in  the  form  of  drops  of  fluid. 

The  perspiration,  as  the  term  is  sometimes  employed  in  physiology, 
icludes  all  that  portion  of  the  secretions  and  exudations  from  the  skin 
rhich  passes  off  by  ev^aporation ;  the  sweat  includes  that  which  may  be 
"collected  only  in  drops  of  fluid  on  the  surface  of  the  skin.  The  two 
terms  are,  however,  most  often  used  synonymouijly ;  and  for  distinction, 
the  former  is  called  inffen^ible  perspiration;  the  iaitev ^ semibk  perspira- 
tion. The  fluids  are  the  same,  except  that  the  sweat  is  commonly  mingled 
with  various  substances  lying  on  the  surface  of  the  skin.  The  contents 
of  the  sweat  are,  in  part,  matters  capable  of  assuming  the  form  of  vapor, 
ench  as  carbonic  acid  and  water,  and  in  part,  other  matters  which  are 
deposited  on  the  skin,  and  mixed  with  the  sebaceous  secretions. 

The  secretion  of  the  sebaceous  glands  and  hair- follicles  consists  of 
cast-off  epithelium  cells,  with  nuclei  and  granules,  together  with  an  oily 
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matter,  extractiTe  matter,  and  eteann;  in  eertstin  parte,  aldo,  it  is  miiei 
with  a  peculiar  odorouB  principle,  which  conUiitis  oaproic,  butyTi<v  lut^  { 
rutic  acids.  It  i«,  perhaps^  nearly  similar  in  composition  to  the  nnctii- 
ons  ooatingy  or  vernix  vaseosa^  which  is  formed  on  the  body  of  tie  i 
foBtns  while  in  the  uterua,  and  which  contains  large  qaantitief  of 
ordinary  fat.  Its  purpose  seems  to  be  that  of  keeping  the  skin  moia 
and  supple,  and,  by  its  oily  nature,  of  both  hindering  the  evapomion 
from  the  surface,  and  guarding  the  skin  from  the  effects  of  the  long- 


Fir  aO&.— SebA/eeoufi  glaud  from  human  gkin.    (Klein  and  Noble  SmlOiO 

continued  action  of  moisture.  But  while  it  thus  serves  local  purpcee^ 
its  removal  from  the  body  entitles  it  to  be  reckoned  among  the  excre- 
tions of  the  skiu. 

Chemical  Composition  of  Sweat. 
Water  .         .  .995 

SoHds:^ 

Organic  Acids  (forniitv  ncotic,  biitj^ric.  pro-  (         ^ 

pionic,  caproie,  caprvljc)  /       ,  \ 

Salts,  chiefly  sodium  *Jiloridc  -         .  .1.8 

Neutral  fats  and  cholesterin  .         .  ,7 

ExtractiveB  (including  urea),  with  epithelium     Ltt  5 

1000 
The  sweat  is  a  colorless,  slightly  turbid  fluid,  alkaline,  neutral  or 

acid  in  reaction,  of  a  saltish  taste,  and  peculiar  characteristic  odor 
Of  the  aevend  suhsttmces  it  contiiins,  however,  only  the  carbonic  acid 

and  waier  need  particular  considenition. 

Watery  Vapor, — The  quuntity  of  watery  vapor  excreted  from  the 


^ 
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in  U  on  an  average  between  1^  and  2  lb,  liuily  (about  1  kilo).     This 
l>j©ct  has  been  very  careftilJy  investigated  by  Lavoisier  and  Sequin. 
^e  lat^r  cbemist  enclosed  his  body  in  an  air- tight  bag,  witb  a  mouth- 
ce-     The  bag  being  closed  by  a  strong  band  above,  and  the  mouth- 
adjusted  and  gummed  to  the  skin  around  the  mouthy  he  was 
^bed,  and  then  remained  quiet  for  sevend  hours,  after  which  time 
lie  was  again  weighed.     The  dilference  in  the  two  weights  indicated  the 
unount  of  loss  by  pulmonary  exhalation.     Having  taken  off  the  air- 
Iress,  he  was  immediately  weighed  »gaiu,  and  a  fourth  time  after 
i  :iin  interval.     The  ditiereiice  between  the  two  weights  hist  ascer- 

Hned  gave  the  amount  of  the  cutaneous  and  pulmonary  exhahLtion  to- 
other; by  subtracting  from  this  the  loss  by  ijulmonary  exhalation 
ihlone^  while  he  was  in  the  air-tight  dress,  he  ascertained  the  amount  of 
ItaDeoQB  transpiration.  During  a  state  of  rest,  the  average  loss  by 
Itaneous  and  [jnlmonary  exhalation  in  a  minute,  is  eighteen  grains,^— 
minimum  eleven  grains,  the  maxinium  thirty-two  grains;  and  of  the 
jhteen  grains,  eleven  pass  off  by  the  skin,  and  seven  by  the  kings. 

The  quantity  of  watery  vapor  lost  by  transpiration  is  of  course  intiii- 
[iced  by  all  external  circumstances  which  affect  the  exhalation  from 
ler  evaporating  surfaces,  such  as  the  temperature,  the  hygrometric 
lie,  and  the  stillness  of  the  atmosphere.  But,  of  the  variations  to 
vhich  it  is  subject  under  the  influence  of  these  conditions,  no  calcula- 
■on  has  been  exactly  made. 

I  Ca rho n  ic  A  ciiL — T  h  o  qua n  ti  ty  o f  va rbo n  ic  a r id  exhaled  I  >y  th e  sk  i n 
Bl  an  average  is  about  -^J^  to  ^^  of  thut  furnished  by  the  pulmonary 
■Bpiration, 

The  cutaneous  exhalaCioD  is  most  abundant  in  the  lower  classes  of  animals, 
more  f^articularly  the  naked  Aiiipliibia,  as  fro|?s  and  toads,  whose  skin  h  tliin  and 
moists  and  readily  perm  its  an  interchange  of  gases  betwet-u  the  Wood  circulating 
in  it,  Aud  the  surrounding  atniot*pliere.  Bischoff  found  that,  after  the  lungs  of 
frogs  had  been  tieil  and  cut  out,  alKuit  a  quarter  of  a  cubic  inch  of  carbonic 
acid  gaa  waa  exhaled  by  the  skin  in  eight  hours.  And  this  quantity  is  rery 
large,  when  it  is  remembert*tl  that  a  full-sizt^l  frog  will  geiienite  only  iilM>iit 
iialf  a  cubic  inch  of  eartk^mic  acid  by  his  lungs  and  skin  together  in  six  hourB, 
■  The  ini|xirtance  of  the  respinitoiy  function  of  the  hkin,  wiiich  was  once 
Viought  to  be  proved  by  the  speedy  death  of  aniiiials  whose  skin.H,  after  removal 
of  the  hair,  were  coveretl  with  an  inipernieable  varnish,  has  been  shown  by 
further  observations  to  have  no  fouudntion  in  fact;  the  immediate  cause  of 
death  in  such  cases  t>eing  the  loss  of  teniiwrature.  A  varnished  animal  is  said 
lo  have  suffered  do  harm  when  surrounded  by  cotton  wadding,  and  to  have  died 
when  the  wadding  was  removed. 


Influence  of  the  Nervous  System, 

Experiments  seem  to  show  that  the  mode  of  the  secretion  of  sweat 
is  more  or  less  like  that  of  the  secretion  of  saliva.     The  chief  difference 
Btween  the  two  processes  appears  to  be  this,  that  increased  blood  sup- 
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ply,  of  itself y  is  able  to  prodnce  a  secretion  of  sweat,  whereas  this  is  not 
the  case  with  the  salivary  secretion.  In  the  case  of  the  sweat-glands,  it 
is  practically  certain  that  they  are  also  under  the  control  of  efferent  im- 
pulses passing  to  them  from  the  special  sweat  centres  in  the  brain  and 
spinal  cord  throngh  special  sweat  nerves.  Thus,  if  the  sciatic  nerve 
be  divided  in  a  cat  and  the  peripheral  end  be  stimulated,  beads  of  sweat 
are  seen  to  appear  upon  the  pad  of  the  corresponding  foot,  altbongh  at 
the  same  time  the  blood-vessels  are  constricted  or  while  the  aorta  is 
pressed  upon,  whereas  if  atropin  have  been  injected  previously  to  the 
stimulation,  no  sweat  appears,  although  dilatation  of  the  vessels  be 
present.    Secretion  of  sweat,  too,  may  be  reflexly  brought  about. 

The  exact  way  in  which  various  conditions  producing  an  extra  secre- 
tion of  sweat  act,  is  somewhat  uncertain.  The  circulation  of  venous 
blood  in  the  central  nervous  system,  however,  appears  to  be  the  canse 
of  the  sweating  of  phthisis  and  of  dyspnoea  generally.  If  the  cat  whose 
sciatic  nerve  is  divided  be  rendered  dyspnoeic,  abundant  sweat  occun 
upon  the  foot  of  the  uninjured,  and  none  on  the  injured  side.  The 
effect  of  heat  in  producing  sweating  may  be  both  local  and  general,  and 
again,  the  various  drugs  which  produce  an  increased  secretion  of  sweat 
do  not  all  act  in  the  same  way;  thus,  there  is  reason  for  thinking  that 
pilocarpin  acts  upon  the  local  apparatus,  that  strychnia  and  picrotoiin 
act  upon  the  sweat  centres,  and  that  nicotin  acts  both  upon  the  central 
and  upon  the  local  apparatus. 

The  special  sweat-nerves  appear  to  issue  from  the  spinal  cord,  in  the 
case  of  the  hind  limb  of  the  cat  by  the  last  two  or  three  dorsal  and  first 
two  or  four  lumbar  nerves,  pass  to  the  abdominal  sympathetic  and  from 
thence  to  the  sciatic  nerve.  In  the  case  of  the  fore  limb,  the  nerres 
leave  the  cord  by  the  5th  and  6th  cervical  nerves  into  the  thoracic  sym- 
pathetic, and  then  join  the  brachial  plexus,  reaching  the  arm  throngh 
the  median  and  ulnar  nerves. 

It  will  be  as  well  to  repeat  here  the  other  functions  which  the  skin 
subserves.  In  addition  to  its  excretory  office,  we  have  seen  that  it  acts 
as  a  channel  for  absorption.  It  is  also  concerned  with  a  special  sense, 
viz.,  that  of  touchy  to  the  consideration  of  which  as  well  as  to  its  func- 
tion of  refiulaiing  the  temperature  of  the  body  we  shall  presently  return. 
It  should  be  recollected,  however,  that  apart  from  these  special  func- 
tions, by  means  of  its  toughness,  flexibility  and  elasticity,  the  skin  is 
eminently  qualified  to  serve  as  the  general  integument  of  the  body,  for 
defending  the  internal  parts  from  external  violence,  while  readily  yield- 
ing and  adapting  itself  to  their  various  movements  and  changes  of 
position. 


CHAPTER  XL 

THE   METABOLISM   OF  THE  TISSUES. 

We  have  now  to  consider  the  various  changes  occurring  in  the  tissues 

id  organs  of  the  body  which  maybe  considered  as  intermediate  between 

kose  alrefidy  described,  viz.,  thedige-stion  and  absorptiuu  of  food  ou  the 

hand,  and  the  excretion  of  waste  products  on   thu  other.     These 

es  take  place  principally  in  the  muscles  and  glands  of  the  body, 

ind  it  will  be  m  well  to  direct  our  attention  to  the  metabolism  first  of 

n  in  muscle,  and  secondly  in  the  glands  not  directly  concerned  in  the 

ligestive  proceBses. 

Muscular  Metabolism. 


ft 


The  muscles  make  up  about  one-halE  of  the  total  body  weight.     The 

principal  8ul>stiince  wbich  can  Ije  extracted  from  muscle,  when  examined 

,-after  death,  is  the  proteid  body,  Mi^osifi^  some  of  the  reactions  of  which 

bave  been  already  discussed,  p.  108.     This  body  appears  to  bear  aome- 

'what  the  same  relation  to  the  living  muscle  as  fibrin  does  to  the  living 

^^ blood,  since  the  cuagiuation  of  muscle  after  death  is  duo  to  the  formation 

^HDf  myosin.     Thus,  if  coagulation  be  delayed  in  muscles  removed  imme- 

Vdiately  from  recently  killeil  animals,  by  subjecting  them  to  a  tempeniture 

™below  0' C\,  it  is  possible  to  obtain  from  them  by  expression  a  viscid 

fluid  of  slightly  alkaline  reaction,  called  mnscU-plasma  (Kiihne,  Halli- 

^burton).     And  muscle  plasma,  if  exposed  to  the  ordinary  temperature  of 

Bthe  air  (and  more  quickly  at  37''-4:0°  C),  undergoes  cottgulatio!i  much 

in  the  same  way  as,   under  similar  circumstances,  does  blood  plasma, 

aeparated  from  the  blood  corpuscles  by  the  action  of  alow  temperature. 

^  The  appearances  preseuted  by  the  fluid  during  the  process  are  also  very 

Baimilar  to  the  phenomena  of  blood-clotting,  viz.,  that  first  of  all  an  in- 

~  creai*ed  viscidity  appears  on  the  surface  of  t!ie  fluid,  and  at  the  sides  of 

tho  containing  vessel,  which  gratlually  extends  throughout  the  entire 

mass,  until  a  fine  transparent  clot  is  obtained.     In  the  course  of  some 

hours  the  clot  begins  to  contract,  and  to  srjueeze  out  of  its  meshes  a  fluid 

corresponding  to  blood-serum.     In  tho  course  of  coagulation,  therefore, 

muscle  plasma  separates  into  muscle-eM  and  mnsck-serum.     The  muscle 

clot  is  the  substance  myosin.      It  differs  from  fibrin  in  being eiisily  soluble 

in  a  2  per  cent  solution  of  hydrochloric   acid,  and  in  a  10  per  cent  solu- 

407 
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tion  of  Bodiom  chloride.  It  is  inaolnble  in  distilled  water,  and  its  aoh- 
tionfl  coagulate  on  application  of  heat.  It  is  in  short  tL globulin.  During 
the  process  the  reaction  of  the  flnid  becomes  distinctly  acid. 

The  coagulation  of  mnscle  plasma  cannot  only  be  prevented  by  cold, 
bat  also,  as  Uallibarton  has  shown,  by  the  presence  of  neatnd  salts  in 
certain  proportions;  for  example,  of  sodinm  chloride,  of  magnesinm 
sulphate,  or  of  sodium  sulphate.  It  will  be  remembered  that  this  ii 
also  the  case  with  blood  plasma.  Dilution  of  the  salted  muscle  plasms 
will  produce  its  slow  coagulation,  which  is  prevented  by  the  presence  of 
the  neutral  salts  in  strong  solution. 

It  is  highly  probable  that  the  formation  of  muscle-clot  is  due  to  the 
presence  of  a  ferment  (mycmn-ferment).  The  antecedent  myosin  in  liv- 
ing muscle  has  received  the  name  of  myosinogen^  in  the  same  way  as  tlie 
fibrin-forming  element  in  the  blood  is  called  fibrinogen.  Myosinqgen 
is,  however,  made  up  of  two  globulins,  which  coagulate  at  the  tempera* 
tures  47^  C.  and  50^  C.  respectively.  Myosin  may  also,  as  we  have  before 
mentioned,  p.  421,  be  obtained  from  dead  muscle  by  subjecting  it,  after 
all  the  blood,  fat,  and  fibrous  tissue,  and  substances  soluble  in  water  hare 
been  removed,  to  a  10  per  cent  solution  of  sodium  chloride,  or  5  per 
cent  solution  of  magnesium  sulphate,  or  10  to  15  per  cent  solution  of 
ammonium  chloride,  filtering  and  allowing  the  filtrate  to  drop  into  a 
large  quantity  of  water;  the  myosin  separates  out  as  a  white  floccnlent 
precipitate. 

A  very  remarkable  fact  with  regard  to  the  properties  of  myosin  has 
been  demonstrated  by  Halliburton,  namely,  that  a  solution  of  dead 
muscle  in  strong  neutral  saline  solution,  possesses  very  much  the  same 
properties  as  muscle  plasma,  and  that  if  diluted  with  twice  or  three 
times  its  bulk  of  water,  myosin  will  separate  out  as  a  chty  which  clot  can 
be  again  dissolved  in  a  strong  neutral  saline  solution,  and  the  solution 
can  be  again  made  to  clot  on  dilution.  This  process  can  often  be  re- 
j)eated ;  but  in  the  fluid  which  exudes  from  the  clot  there  is  no  proteid 
present.  Myosin  when  dissolved  in  neutral  saline  fluids  is  converted  in- 
to myosinogen,  but  reappears  on  dilution  of  the  fluid.  Muscle  dot  is 
almost  pure  myosin;  but  it  appears  to  be  combined  with  a  certain 
amount  of  salts,  for  if  it  be  freed  of  salts,  especially  of  those  of  calcium, 
by  prolonged  dialysis,  it  loses  its  solubility.  If  a  small  amount  of  cal- 
cium salts  be  added,  however,  it  regains  that  property. 

Muscle  serum  is  acid  in  reaction,  and  almost  colorless.  It  contains 
throe  proteid  bodies,  viz. — {a)  A  globulin  {myoglohulin)^  which  can  be  pre- 
cipitated by  saturation  with  sodium  chloride,  or  magnesium  sulphate,  and 
which  can  be  coagulated  at  03°  C.  (145°  P.).  {h)  Serum-alhtimin  {myo- 
nlhvyniu),  which  coagulates  at  73°  C.  (163°  F.),  but  is  not  precipitated 
by  saturation  with  cither  of  those  salts.     And   (c)  Myo-aUmmose^  which 
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ither  precipitated  by  heat,  nor  by  siitnratiou  with  sodium  chloride 
osgnesium  sulphate,  but  may  be  precipitated  by  satti ration  with  lun- 
aonium  sulphate.  It  is  closely  eouuectod  with,  even  if  it  ifi  not  itself^ 
ajofiin  ferment.  Neither  casein  nor  peptone  has  been  found  by  HalH- 
^orton  in  muscle  extracts.  In  extracts  of  muscles,  especially  of  red 
mscles,  there  is  a  certain  amount  of  Ilmftof/iobuf,  and  also  of  a  pigment 
ipecial  to  muscle,  called  by  McMunn  Mip-hemathu  which  has  a  spectrum 
loite  distinct  from  bipmoglohin,  viz.,  a  narrow  baud  just  before  D,  twu 
rery  narrow  between  D  and  E,  and  two  other  faint  bands,  nearly  violet, 
b,  and  between  E  and  F  close  to  F, 
In  addition  to  muscle  fennenf.^y  already  mentioned,  muscle  extracts 
Icon  tain  certain  small  iinmuniB  of  pejmn  a  fifiji&rin  ferment^  and  also  an 
tmylolytic  ferment. 

Certain  acids  are  also  present,  particidarly  sarco-lactic,  as  well  as 
Btic  and  formic. 
Of  carbohydrates,  gh^mgen  and  glucose  (or  maltose),  also  inosUe, 
Nitrogenous  crystalline  bodies,  such  as  kreiiiin^kreaiinin^xaniMnj 
\Aypo-xunthin,  or  carnio,  taurine  ureaj  in  very  small  amount,  uric  acid 
I  and  tnosinic  acid. 

Salts  f  the  chief  of  which  is  pot  ami  urn  phosphate. 

Musde  at  Rest. 

Physiml  Condition, — During  rest  or  inactivity  a  muscle  has  a  slight 
but  very  perfect  Elmtiritg;  it  admits  of  being  considerably  stretched, 
bat  returns  readily  and  comj^iletely  to  its  normal  condition.  In  the  liv- 
ing body  the  muscles  are  always  stretched  somewhat  beyond  their  natural 
length,  they  are  always  in  a  condition  of  slight  tension;  an  arrangement 
which  enables  the  whole  force  of  the  contraction  to  be  utilized  in  ap- 
proximating  the  points  of  attachment.  It  h  obvious  that  if  the  muscles 
were  lax,  the  first  part  of  the  contraction  until  the  muscle  became  tight 

^  would  be  wasted. 

There  is  no  doubt  that  even  in  a  condition  of  rest  Oxygen  is  ahstracted 
froTK  the  bloody  and  carbonic  ai-idis  given  out  by  a  muscle;  for  the  blood 
becomes  venous  in  the  transit,  and  since  the  muaoles  form  by  far  the 
largest  element  in  the  composition  of  the  body,  chemical  changes  must 
be  constantly  going  on  in  them  as  in  other  tissues  and  organs,  although 
not  necessarily  accompanied  by  contraction.  When  cut  out  of  the  body 
guch  muscles  retain  their  contractility  longer  in  an  atmosphere  of  oxygen 
than  in  an  atmosphere  of  hydrogen  or  carbonic  acid,  and  during  life,  an 
amount  of  oxygen  is  no  doubt  necessary  to  the  manifestation  of  energy 
as  well  m  for  the  metabolism  going  on  in  the  resting  condititm. 

I        The  reaction  of  living  muscle  in  a  resting  or  inactive  condition  is 
netdral  or  faintly  alkaline. 


FlfF,  aOi.—Rpaectlnfir  f7AlvaDoinet«r.    (Jhommm.}    A,  Tbc*  (^v&nometer,  which  oomlrtiuf 

two  hyHtt'iiiiii  of  MUiall  luttatic  tiet*«lleft  Ruspended  hy  a  fllie  liaJf  fiN>in  ix  sn]>|i'Tt.  si»  ilmi  mchMlflf 

nc^^illV^*  is  within  a  c^iH  of  thi»Mn»ulat*Hj  cr*|iiMTr  wirt^  tliot  fonriiiii 

opiKtfttite  (llrvetioD  Uj  lht>  upj^er     AtUithrd   to  the  uppir  net   of 

*^ltit'h  ill  diam*fier;  tlu*  lliflil  frutn   Lhe  latiipnt  B  i»  (hrowii  m^ 

_BCted  upon  the  sMhki  u«  tli«*  other  uhle  of   B»  not  shown    iu  ftjjuir,,    TJit 

upon  biiMB  uprigbts,  unrl  tht*iretidft  art'  carried  lo  tht*  Itimlinp  t<'n.*ns.     TI" 

placed  upOQ  a  rulcauitf  plau^  capabl**  of  ^wing  level Iwl  l«y  the  sicn»w  suj*! 

by  a  braJW'botind  glass  shade,  U  the  coTer  of  which  in  also  of  bra«s,  and  suiip^-irLs  a  hnm 

A,  on  which  niovi^  a  wcAJccurred  magiust,  m.    C  is  th«*  slumt  t»y  meanK  of  which  ih^  i 

the  cunviit  sent    into  the  isralTaooiiieter  may  be  re|?ulat«d,    Wlien  in  uae  thf*  >m  nlc 

abtjut  Thn?*?  feol  from  the  K'alvfliioin«*t^rj  which  is  airangwl  east  and  vrest,  the  I  ^ 

th*»  rium»r  is  mailf  u*  #wini<.  ainJ  tli**  li^nt  tmm  the  lamp  ta  adjixsted  to  fall  ti} 

then  n*>rtilat*»d  until  the  rt^lhtH.'d  spot  ot  light  from  U  falls  upon  the  aero  of  r 

wir^t*  from  tht^  iioo-p*>laHsuibl«.*  t'lf'rlriKh^g  toiiohinK  the  muscle  art?  attai.^hed  to  t).- 

f»crfW!i  of  the  golvttmiinei4*r,  a  kfy  iut**r%'ening  for  Mhi>rt-circuili»i>c,  or  if  a  fKirii  il» 

tHiJT**nt  \»  to  pass  into  the  palvonnmeter,  the  Klmnt  sJ^ould  intervene  ah  well  with  1 1  ,      ;  rujl* 

plug  in.     Wlien  a  current  passeH  into  the  palvan«>iiieter  the  «f»t.mlh?s  and,  witli  tht^ut,  iXui  mtrwr, 

afH  turned  to  tlie  rijfht  or  left  acMMmlin^  to  the  din-^^-tiou  of  the  ^.nrrt'nt.     The  atiKkunt  of  thed»- 

fltMi'tioD  of  the*  ue<edkfi  is  marked  on  the  scale  bj  the  spot  of  light  travelliuf^  along  it. 


rlt*HTi  vertical  cuts,  and  the  result! np:  piece  of  muficle  is  called  a  refpijar  mttmh 
prwm.     The  mtiscle  iirisiii  in  iusulatini,  and  a  pair  of  non-j.K»larizable  elecc 
connected   with   a  very  delicate  ^jalvanameter    (fig.  304}  is  a|>pHed  to  vji 
points  of  the  prisni,  and  by  a  defii^tion  of  the  needle  to  a  greater  or  leas  extent 
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diSBolion  or  anotht^r;  the  streti^h  and  directioo  of  tlie  ruirenta  in  the 
'^d  mUBCle  can  be  estimat+^d.  It  is  nec^essary  to  «He  noii-polarizabl**  and 
Dot  tiietallic  electrodes  in  this  experiment,  as  otherwise  there  is  no  certainty 
that  the  whole  of  the  current  ol^serred  is  com nuini catted  fnnn  the  muscle  itself, 
ind  IB  not  derivt^t  from  the  metallic  electrodes  arising  in  conBerjuence  of  the 
•cfioii  of  the  saline  juices  of  the  tissues  npon  them.  The  form  of  tlio  non* 
^|xilari2able  electrodes  19  a  raotli ligation  of  Du  Bois  Revmond'^  apparatus  (Bg. 
!l)c  which  oouBista  of  a  somewhat  ttattened  glass  cylinder,  a,  drawn  abmptly 


I 


I 


Tig,  SQS.'-Diain'iLm  of  Du  Bois  Rpvitkhi  1  1.  r.  pidarlrjible  elisctriKles.  a,  Glass  tub«*  flUed 
with  a  ftaturated  solution  of  /.inc  suIplmiH,  lit  thi*  <mrU  r,  of  which  Is  china  ckiy  drawn  out  to  a 
polDt;  in  tbeimlutlori  n  well  ainiil^iiinat>*«l  zinc  ro.1  in  imnif^rsetf  ixm\  conm-<-[<Hl,  by  meanH  of  thu 
wire  which  jmmai  through  a,  with  the  pi^ulvanonietcT.  Tht*  rt^iualinh-^r  of  I  he  apftaratus  U  Blmply 
tor  conrenlMioe  of  appucation.  The  imisclu  inad  the  end  of  the  secomi  elcctru<lf>  are  to  the 
rt^ht  of  the  figyre. 

to  a  point,  and  fitted  to  a  socket  capable  of  movement,  and  attached  to  a  stand, 
A,  so  that  it  can  be  raised  ur  lowi-rml  nn  re«|iiired,  The  lower  jKirticm  of  the 
cylinder  is  Jillerl  with  china  clay  moisteDcd  with  saline  Hohition,  jKirt  of  which 
projects  through  its  drawn-out  point;  the  rest  of  the  cylinder  is  lltted  with  a 
saturated  solution  of  zinc  Htdphate  inbi>  which  dips  a  well  amalgamated  piece 
of  zinc  connected  by  meauH  of  a  wire  with  tlie  galvanometer.  lo  this  way 
the  zinc  giilphate  forms  a  homogeneous  and  non-pola ridable  conductor  l>etween 
the  zinc  and  the  china  clay.  A  second  electrode  of  the  same  kind  is,  of  course, 
necessary. 

In  a  regular  niuscle  prism  the  currents  aro  found  to  be  as  follows: — 
If  from  u  point  in  the  surface  a  line — the  equator — be  dra^m  across  the 
muscle  prism  equally  dividing  it,  curreiits  pass  from  this  point  to  pointB 
away  from  it,  which  are  weak  if  the  points  aire  near,  and  increased  in 
strength  as  the  points  are  furtlicr  and  further  away  from  the  equator; 
the  strongest  passing  from  the  equator  to  a  point  representing  the  middle 
of  the  cut  ends  {i}g.  306,  2);  currents  also  pass  from  points  ne^irer  the 
equator  to  those  more  remote  (fig.  3W,  1,  3,  4,)^  but  not  from  points 
equally  distant  or  iso-electric  points  {fig.  300^  C,  7,  8).  The  cut  ends 
are  always  negative  to  the  cqnator.  These  currents  are  constant  for  some 
time  after  removal  of  the  muscle  from  the  body,  and  in  fact  remain  as 


i 
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long  as  the  mnscle  retains  its  life.     They  are  in  all  probability  dae  to 
chemical  changes  going  on  in  the  mnscles. 

The  currents  are  diminished  by  fatigue  and  are  increased  by  an  inmve 
of  temperature  within  natural  limits.  H  the  uninjured  tendon  be  used  « 
the  end  of  the  mnscle,  and  the  muscle  be  examined  without  re- 
moval from  the  body,  the  currents  are  very  feeble,  but  they  are  at  once 
much  increased  by  injuring  the  muscle,  as  by  cutting  off  its  tendoL 
The  last  observation  appears  to  show  that  they  are  right  who  believe 
that  the  currents  do  not  exist  in  uninjured  muscles  insitu^  but  that  in- 
jur>',  either  mechanical,  chemical  or  thermal,  will  render  the  injiind 
part  electrically  negative  to  other  points  on  the  musole.  In  a  frog^j 
heart  it  has  been  shown,  too,  that  no  currents  exist  during  its  inactiTitj, 
but  that  as  soon  as  it  is  injured  in  any  way  they  are  developed;  the  in- 
jured part  being  negative  to  the  rest  of  the  muscle.     The  currents  irhich 


Y\k.  906.— Diagram  of  the  currents  in  a  muscle  prism.     CI>u  Bois  Reymond.) 


have  ])een  above  described  are  called  either  natural  muscle  currents  or 
currents  of  rest ^  according  as  they  are  looked  upon  as  always  existing  in 
muscle  or  as  developed  when  a  part  of  the  muscle  is  subjected  to  injnrr; 
in  either  cjisc,  up  to  a  certain  point,  it  is  agreed  that  the  strength  of  the 
currents  is  in  direct  proportion  to  the  injury. 

Muscle  in  Activity. 

The  property  of  muscular  tissue,  by  which  its  peculiar  functions  are 
exercised,  is  its  Contractility ^  which  is  excited  by  all  kinds  of  stimuli  ap- 
plied either  directly  to  the  muscles,  or  indirectly  to  them  through  the 
medium  of  their  motor  nerves.  This  property,  although  commonly 
brought  into  action  through  the  nervous  system,  is  inherent  in  the 
muscular  tissue.  For — (1.)  it  may  be  manifested  in  a  muscle  which  is 
isolated  from  the  influence  of  the  nervous  system  by  division  of  the  nerves 
supplying  it,  so  long  as  the  natural  tissue  of  the  muscle  is  duly  nourished; 
and  (2.)  it  is  manifest  in  a  portion  of  muscular  fibre,  in  which,  under 
tho  microscope,  no  neT\e-fi\)TG  caxv.  >aei  \.t«^^,     ^."^  ^\A2i^;ftsvQA&  each  as 


THE   METABOtlSM   OF  THB  TI88!IBS. 


433 


»»^,  which  paralyze  the  nerve-endings  in  muscles,  do  not  at  all  dimin- 
the  irritability  of  the  mnscle  itself. 

(4,)    When  a  muscle  is  fatigued,  a  local  stimulation  is  followed  by  a 
ItTB^stion  of  a  small  part  of  the  fibre  in  the  immediate  vicinity  without 
r^ard  to  the  distribution  of  nerve- fibres. 

II  the  removal  of  nervous  influence  be  long  continued,  as  by  division 

["the  nerves  supplying  a  muscle,  or  in  cases  of  paralysis  of  long-standing, 

irritability,  >.e.,  the  power  of  responding  to  a  stimulus,  miiy  be  lost; 

It  probably  this  is  chiefly  due  to  the  impaired  nutrition  of  the  muscular 

le^  which  ensues  through  its  inaction.     The  irritability  of  muscles 

lalao  soon  lost,  unless  a  supply  of  arienal  blood  to  them   is  kept  up. 

iQS,  after  ligature  of  the  main  arterial  trunk  of  a  limb,  the  power  of 

jving  the  muscles  is  partially  or  wholly  lost,  until  the  colhiteral  cir- 

ition  is  established;  and   when,  in  animals,  the  abdominal  aorta  is 

I,  the  hind  legs  are  rendered  almost  powerless. 

The  same  fact  may  be  readily  shown  by  compressing  the  abdominal 

»rta  in  a  rabbit  for  about  10  minutes;  if  the  pressure  be  released  and 

ae  animal  be  placed  on  the  ground,  it  will  work  itself  along  with  its 

ant  legs,  while  the  hind  legs  sprawl  helplessly  behind*     Gradually  the 

atiscles  recover  their  power  and  become  quite  as  efficient  as  before. 

So,  also,  it  ia  to  the  imperfect  supply  of  arterial  blood  to  the  muscular 

[tiBiiie  of  the  heart,  that  the  ce^ation  of  the  action  of  this  organ  in  as- 

tiyjda  is  in  some  measure  due. 

The  Phenomena  of  Muscular  Contraction. 

The  power  which  muscles  possess  of  contraction  may  then  be  called 

Jlorthby  stimuli  of  various  kinds,  and  these  stimuli  may  also  be  applied  di- 

ctly  to  the  muscle  or  indirectly  to  the  nerve  supplying  it.     There  are 

liBtinct  advantages,  however,  in  applying  the  stimulus  to  the  nerve,  as 

is  more  convenient,  as  well  as  more  potent.     The  stimuli  are  of  four 

lindfi,  viz. : — 

(1.)  Mechanical  sttmuh\  as  by  a  blow,  pinch,  prick  of  the  muscle  or 

Ita  nerve,  will  produce  a  contraction,  repeated  on  the  repetition  of  the 

timulus;  but  if  applied  to  the  same  point  for  a  limited  number  of  times 

'only,  as  such  stimuli  will  soon  destroy  the  irritability  of  the  preparation. 

(2.)   Thermal  Stimuli. — If  a  needle  be  heated  and  applied  to  a  muscle 

or  its  nerve,  the  muscle  will  contract.     A  temperature  of  over  37. 8**  C, 

(100*'  F.)  will  cause  the  muscles  of  a  frog  to  pass  into  a  condition  known 

as  heat  rigor, 

(3.)  Chemical  SiimuU. — A  great  variety  of  chemical  substances  will 
'excite  the  contraction  of  muscles,  some  substances  being  more  potent  in 
I  irritating  the  muscle  itself,  and  other  substances  having  more  effect  upon 
i      the  nerve.     0/  the  former  may  be  mentioned,  dilute  acida.^  saV^a  ol  eet- 

^ 


I 


4-14  HJLTDBOOC  OF  PHTSIOLOOT. 


«.^.,  zxzic  copper  and  iron;  to  the  latter  belong  strong 
^jxr^z.  fiirc-ziz  acMf.  amnMmia  and  bile  salts  in  strong  solation. 

4.  £>rrrvr«;  <timmli. — For  the  purpose  of  experiment  electricd 
iCL=.:ij:  iK  =:r:c:  frcqiiefidj  used,  as  the  strength  of  the  stimnlns  may  be 
2:1  :r»  :i:cT*Ei«:i:T  regixlated.  An j  form  of  electrical  current  may  be 
•esiiL'ij-rii  f :r  liJj  parpase,  hot  galvanism  or  the  induced  current  isim. 
aZt  :ri«:iae!:- 


Ga:-«nK  oRcMs  are  omDr  oblauied  bjr  tibe  employment  of  a 
■HL.yjs  zmz^trr  ^xk  a*  das  <tf  DuiielL  br  which  an  electrical  cumat  lU 
tv:h5  *is  lisie  12  irscBHtT  isobcaincd.  Tbe  battery  (fig.  807) 
PCK.TIT*  pios^  Y  wy^  aaalfifniBfd  zinc  immened  in  a  porous  cell, 
t'lag  4iL:^c.ir>:  liTTri :  aad  this  ccfl  is  again  cootained  widiin  a  bigeooifer 
1-julI  fm-^x  ibi!-  asEasiTe  plate*,  oootaining  besides  a  sataiated  solitkaflf 
•^rcoK'  irr'yriTi^  T^  ckiuical  carrcnt  is  made  coatinuons  by  the  nieof  te 
rr:  ±11. 3»  12  -Sir  f:i'»y^iB^  mamwr.  Tbe  action  of  the  dilate  sulplinricadi 
T=«:iL  ^21^  nzt:  pcftSf^  F*riiy  diaoiTes  it.  and  liberates  hydrogen,  and  tiiit  gn 
'.  ariw*  ae  p-^crwg  ttmslL  and  decomposes  the  copper  sulphate  into  ooppv 


r:x   vr  -r».^fr»=  v€  a  DumU's  battery. 

iT.-:  <.-*7fczr-.:  i::i  T^  f.T=»r  i«  deposited  upon  the  copper  plate,  and  tl» 
'jk::tcr  7ais4*>  i.'_r  ci:-^  :J>r  ;*:cv>as  T^aasel  to  mew  tbe  solphuric  acid  which  ii 
S-  .r  .c  vi**.:  -7  Tre  >  ccifr  £::ilphAte  solation  is  renewed  by  spare  crystak  d 
!>•?  ^:  »i::i  irv  keTC  :c.  &  liuie  sbelf  attacbed  to  the  copper  plate,  and 
<.l:cr.:^v  ■>  j  »  :~r=  Irr-rl  c  ibr  «ic^':inc«i  in  tfaeresseL  Tbe  current  of  electricity 
>v-vc '.-f.i  ::-  :h.>hi~cry  «-ill  jvciinne  without  Tmriadon  few  a  considerable  time. 
v^j^-r  ■^;c:i--  ■■->  .'irrvc:  hus^^esL  siich  as  Grore's.  may  be  used  in  place  of 
l>vr  .t '..  >  Tr.-r  w:iT  —  w>::*  the  apparatus  is  arranged  is  to  attach  wires  to 
:h-:  '  c;<e  r  &ri  r.i=:  r^rcrk  &sd  to  bring  them  to  a  lary,  which  is  a  little  appa- 
n*:v.>  ijz  .vi:-e«:::zi:  tjr  wir>?*4  of  a  batsery.  One  often  employed  is  Du  Boi* 
K«\Ti:.. ::.:  >  r^  5; 7>  ::  A£i>::>ii  ^^f  iwo  pieon^  of  brass  aboot  an  inch  long,  in 
tavh  .f  wr.i.h  a>:  :^  r  It^  f  rwirvsand  binding  <«crew,  to  hold  them  tightly: 
the!^^f  rux>:>i  i  rrii^  at^;  r:xt=»i  utvc  a  vulcanite  plate,  to  the  under  surface  of 
whi.h  i>  A  >»-'rew  .-'.ATJir  Vj  wh::h  i;  can  U?  secured  to  the  table.  The  interval 
NeiwetE  tht-  r:e».v<  f  >ri?*i  .^n  V^  bridired  ov«t  by  means  of  a  third  thinner 
pievv  v-'f  similar  r^ie:.*'.  f.xtxi  ^  j  a  a^tvw  to  one  of  the  brass  pieces,  and  c^iable 
of  niovenit-nt  \y  a  V-^kiiiVe  *•»  t-.cta  an^en^  «c>  a&  \a  VkmcK  Uhe  other  piece  of 
brass.     If  :ht  wiresj  lr>:ii  \b^  bawrry  areVscooi^  \o  >flbfc  Vwn«x  \svsidMi%«»e«v 


npm 


Da  Bols  R^Txnoiid^t  Key, 


B.  Mercury  Key, 


iacli  Apart,     Tlit'£^  wires  are  the  electrodes,  and  the  electrical  stimulus  is  applied 
to  Ihe  muade  Uirough  thetii,  if  they  are  placed  behind   its  nerve.     When   the 
i  between  the  two  brass  plates  of  the  key  is  hrokeo  by  depress itig  the 
I  of  the  bridge,  the  key  is  then  said  tr»  be  opfined. 
Ad  induced  current  is  developed  by  meana  of  an  apparatus^  calied  an  indue- 


Flff.  SOi.— Dn  Boil  RejmoiMt^  loUuction  c(.)U. 

toii,  and  the  one  employed   for  phyftiological  purpoees  is  tnoeUy  Du  Boaa 
fi«jinoDd*t.  the  one  seen  in  fig.  S09. 

Wirm  from  a  battery  an^  brought  to  the  two  binding  screws  cf  and  d,  a  key 
laigrTeaipg.    These  binding  sc^rewaare  the  enda  of  a  coil  of  ooatae  covered  wire 
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c,  called  the  pri maiy  coil.  The  ends  of  a  coil  of  finer  corered  win?  g.  are  atlAcfaed 
to  two  binding  screws  to  the  left  of  the  figure,  one  only  of  which  is  riMbli 
This  is  the  secondary  coil»  and  is  capable  of  being  moved  nearer  to  c  aloQ|^  % 
groove  and  graduated  scale.  To  the  binding  screws  to  the  left  of  g.  the  wim 
of  electrodes  used  to  stimulate  the  muscle  are  attached.  If  the  key  in  the  ai- 
cuit  of  wires  from  the  battery  to  the  primary  coil  (primary  circuit)  be  ckivi, 
the  current  from  the  battery  passes  through  the  primary  colK  and  acnai Hit 
key  to  the  battery,  and  continues  to  pass  qa  long  an  the  key  continues  ckmi 
At  the  niiiment  of  closure  of  the  key,  at  the  exact  instant  of  the  compM(m  4 
the  primary  circuit*  an  instantaneous  current  of  electricity  is  induced  is  tlit 
aecondary  coil,  g,  if  it  be  Hufliciently  near  and  in  line  with  the  primaiycuil; 
and  the  nearer  it  is  to  c,  the  stninger  is  the  current  induced.  Tlie  cunm 
is  only  momentary  in  duration  and  does  not  continue  during  the  whole  of  tiv 
period  while  the  primary  circuit  is  complete.  When,  however,  the  priimiij 
cummt  is  broken  by  opening  the  key,  a  second,  also  momentary,  current  is 
indmed  in  g.  The  former  induced  current  is  called  tlie  nuiking  and  th«  kl 
the  breaking  shock  ;  the  former  is  in  the  opposite  direction  to,  and  the  killer  n 
the  same  ns,  the  primar>'  current. 

The  induction  coil  may  be  used  to  produce  a  rapid  series  of  shocks  by  meaoi 
of  another  and  acce«s(»ry  part  of  the  apparatus  at  the  right  of  the  fig »  ctlkd 
the  magnetic  interrupter.  If  the  wire«  from  a  battery  are  connected  with  tbe 
two  pillars  by  the  binding  screws,  one  below  c,  and  the  other»  a.  the  Ofxam  of 


Fig.  StO.^DIagram  nf  th^  course  of  the  ctirreni  In  the  itiiMrnptic  Intemipler  of  Du  BofsB^f^ 
mond's  intluctloD  coiL     (Ilt^lniliolzis  iiKKllflcation.) 

the  current  is  indicated  in  fig.  810,  the  direction  being  indicated  by  thearn>w«. 

The  curr€^nt  passes  up  the  pillar  from  e,  and  along  the  springs  if  the  end  dL4 
is  close  to  the  »j^ring,  ihe  current  parses  t«»  the  primary  coil  c.  and  to  wir» 
covering  two  upright  pillars  of  soft  iron,  from  them  to  the  pillar  a,  and  ml 
by  tlie  wires  to  the  battery  ;  in  passing  along  the  wire,  b,  tlie  soft  iron  is  ccm 
verted  into  a  magnet,  and  so  attracts  the  hammer,  /,  of  the  spring,  breaks  the 
connection  of  the  epring  with  (/',  and  so  cuts  off  the  current  from  the  primiiy 
coil,  and  also  from  the  electro- magnet.  As  (he  pillars,  b^  are  no  longer  mig- 
netized  the  spring  is  released,  and  the  current  |>as6es  in  the  first  direction, 
and  is  in  like  manner  interrupted.  At  eath  make  and  break  of  the  primm 
current,  currents  correstKinding  are  induced  in  the  secondary  coil.  These  cur 
rents  are  opposite  in  direction,  but  are  not  equal  in  intensity,  the  break  shock 
beitig  greater.  In  order  that  the  shcx-ks  should  V>e  nearly  equal  at  the  mile 
and  break,  a  wire  (fig.  JllO,  e)  connects  e  and  d',  and  the  screw  cf  is  raised  od 
of  reach  of  the  spring,  and  d  is  raised  (as  in  fig,  310),  go  that  part  of  the  cur- 
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^      rent   alwavB  pasae^i  througli   the  primary  eoil   and  electro- magnet.     When  the 
ring  touches*  d,  the  current  in  b  in  dimmiahed,  but  never  entirely  withdrawn, 
ad   the   primary  current  is  altered   in  intensity  at  each  contact  of  the  spring 
ith  d,  but  never  entirely  broken. 
Record  of  Muscular  Contraction  tinder  Stimuli*— The  muscles  of  the  frog  are 
convenient  fortlie  purix>se  of  rei^ording contractions.     The  frog  is  pitlied. 
is  to  say.  its  central  nervous  system  is  entirely  destroyed  by  the  insertion 
stfiut  needle  into  the  Bptnal  cord,  and  the  fwirta  aliove  it.     One  of  its  lower 
ciretiiitles  ia  used  in  the  following  manner.     The  large   trunk  of  the  sciatic 
is  dissected  out  at  the  back  of  the  thigh,  and  a  pair  of  electrodea  is 


^ 


Fl^.  311  —  Arrangpoient  of    the  apparatiis    necesHary  for  rvcctrdinifir   miucle    contmctfoni 
|iirlth  a  revoSvini^  cjlioder  carry tn^  Kiii*ik*^i  paptT,     A,  Rc'volving  ejMjmJer;  B,  thp  fnijf  arran^eil 

a>on  a  cork-eoTercd  board  wfileh  is  eapable'  of  bplDipr  ralstvl  or   loweroit  on  the  upri^'ht.  whk*h 
so  can  lie  moved  along' a  »o1id  CriiiniailHr  bar  of  metal  attached  to  the  ba»e  cif  the  reconllii^ 
'  spporatim— th(^  t^-ndon  of  the  Knstrocneniiiis  i»  attached  to  the  writing  lever,  properly  weitiht^Nl, 
by  *  ligature.     The  ele^trrKleH   frotn    the   secondary  <?on   paMit   to  tlie  apfieriitUtR-  beiDv^  fwr  the 
sake  of   cutivetiience.  flrst  of  all  hrotisrht  to  a  key,  D  (Du  Bois  Raymond's):    C,  th«  itiductioti 
eoll;  F,  the  battery  tin  ihin  fig.  a  bichromate  one)*  E^  the  key  i^Horae'M^)  ia  ihe  primary  cineu it. 

inserted  behind  it.  The  tendo-achillis  in  divided  from  ita  attachment  to  the 
OS  calcia.  and  a  ligature  ie  tightly  tied  round  it.  This  tendon  is  part  of  the 
broad  muscle  of  the  thigh  (gai^trocneniiui),  which  arises  from  above  the  con- 
dyles of  the  femur.  The  fernnr  is  now  fixed  t*>  a  board  covered  w*ith  cork, 
and  the  ligature  attached  to  the  tendon  i»  tied  to  the  upright  of  a  piece  of 
metal  be  tit  at  right  angles  (fig.  311,  b),  which  ia  capable  of  movement  about  a 
piYot  at  its  knee,  the  horizontal  portion  camming  a  w^riting  lever  (myograph) . 
When  the  muscle  contracts,  the  lever  is  raised.  It  is  necessary  to  attach  a 
small  weight  to  the  lever.  In  this  arrangement  the  muscle  is  in  sitn,  and  the 
nerve  disturt.>ed  from  its  relations  as  little  as  possible. 

The  muscle  may.  however,  be  detached  f^om  the  body  with  the  lower  end  of 


i 


the  femur  from  which  it  arises,  and  the^  nerve  going  to  it  may  be  taken  aw^ 
with  it  The  femur  ii»  diTidecl  at  about  the  lower  third.  The  bone  is  held  m% 
firm  clamp,  the  nerve  m  (>laced  upon  two  electrrMles  connected  with  an  miw:- 
tion  apparatus,  and  the  lower  end  of  the  mutscle  is  roanected  by  means  of  i 
ligature  attached  to  its  tendon  with  a  lever  which  can  write  on  a  reconUo^ 
apparatus. 

To  prevent  evaporation  this  ao-ealled  nerve-muscle  preparation  10  plaoed  under 


Fifir.  313,— Simple  fonn  ttf  petiduliitii  myo^nph  audi  aceessory  parts, 
pendulum  «wlnj?»:  B.  caU'h  on  lowor  end  of  myo^rraph  oppnini    ^* 


A^  Pivot  upon  which 
the  key,  C,  in  lu  swiDg;  D.jk 


BprineHaitoh  which  retains  RiyoRraph,  as  indieatwl  by  di>tted  une«.  and  on  prealng  down  the 
handle  of  which  the  pendulum  swingB  along  the  arc  to  D  oa  the  left  of  figure,  and  fs  caugi>t  ^ 
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|fttfe||^A  ^^w^  dmmber^  fig.  312) ,  tbe  air  in  which  is  kept  moist  by  meaoH 
BH^ffSj^  saturated  with  saline  solution. 

Beets  of  m  Single  Induction  Shock,— With  a  nerre-muacle  preparation 
|ged  ineitlior  of  the  above  wayn,  on  closiDg  or  opening  the  key  in  the  pri- 
[  circuit,  we  obtaiD  and  can  re<.'onia  eon  tract  ion,  and  if  we  use  the  clock- 
I  appiaratus  revolving  rapidly,  a  curve  is  traced  such  as  is  shown  in  (ig.  3U. 
Hother  way  of  recording  tbe  contraction  is  by  the  iij*e  of  the  pendulum 
fraph  (fig.  313) .  Here  the  movement  of  the  i>endulura  along  a  certain  arc 
betituted  for  the  clockwork  movement  of  tlie  other  apparatus.  The  i>en- 
In  carries  a  smoked  glaea  plate  upon  which  the  writing  lever  of  a  myo- 
h  is  made  to  mark.  The  opening  or  breaking  shock  is  sent  into  the 
^mu^le  prepamtion  by  the  pendulum  in  its  swing  opening  a  key  (fig, 
C.)  in  the  primary  circuit, 

jingle  Muscle  Contractions.— The  tracing  {muscle  curve)  ob- 
dd  of  a  single  mns^e  contraction  or  timtch  is  seen  in  fig,  314,  and 
be  thns  explained, 

Phe  upper  line  (m)  represents  the  curve  traced  by  the  end  o(  the  lever 
mnection  with  a  muscle  after  stimulation  of  the  muscle  by  a  single 


Im.  Sl4.— MuseI»*Hnirvi(?  nht^in*v1  hy  means  of  tht*  |>erjdiiliiin  ntyoi^aph.  *>  Indicateii  Che 
To«taot  of  th«?!  imlucttori  shi^k:  f,  commencomeot ;  and  m  jr,  tb<*  imkrElmotUi  eLev&tloiii  t>f 
;  f,  tbe  line  of  a  Tibrtititi^  tuning-fork.    CM.  Foster.) 

iction-shock :  the  middle-line  (!)  is  that  described  l>y  the  marking- 
f,  and  indicates  by  a  sudden  drop  the  exact  instant  at  which  the 
(ction-shock  was  given.  The  lower  wavy  lino  (0  is  traced  by  a 
iting  ttining-fork,  and  serves  to  measure  precisely  the  time  occupied 
ich  part  of  the  contraction. 

[t  will  be  observed  that  after  the  stimulus  has  been  applied,  as  indi- 
d  by  the  vertical  line  s^  there  is  an  interval  before  the  contraction 
mences,  as  indicated  by  the  line  c.  This  interval,  termed  (a)  the 
•nt  period,  when  measured  by  the  number  of  vibrations  of  the  tnn- 
lork  between  the  lines  s  and  r,  is  found  to  be  about  ^hf  ^^'  ^^^^ 
at  period  is  longer  in  some  muscles  than  in  others,  and  differs  also 
irding  to  the  condition  of  the  muscle,  being  longer  in  fatigued  mus- 
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cleR>  and  the  kind  of  itiimilua  employed.     During  the  latent  perio 
is  no  apparent  chaogt;  in  the  muscle. 

The  second  part  is  the  (b)  stage  of  contraction  proper.  The  Ictcr 
is  raised  hy  the  sudden  contraetion  of  the  muscle.  The  contraction  it  at 
first  very  rapid,  hut  then  progresses  more  slowly  to  its  niaximam,  indi* 
cated  hy  the  line  m  x^  drawn  through  its  highest  point.  It  occupies  io 
the  figure  ^U  ^e^-  (^')  '^^^  ^^^t  stage,  stage  of  elongation.  After  l 
reaching  ita  highest  point,  the  lever  begins  to  descend*  in  consequeDce  ■ 
of  the  elongation  of  the  muscle.  At  first  the  fall  is  rapid,  but  then  be- 
comes more  gradual  until  the  lever  reaches  the  absewm  or  baseline,  and 
the  muscle  attaina  its  pre-contraction  length,  indicated  in  the  figure  br 
the  line  c\  The  stage  occupies  y^^y  second.  Very  often  after  the  tnaia 
contraction  tlie  lever  rises  once  or  twice  to  a  slight  degree,  produciD^ 


Fig.  8IA.— Trocitiiar  f>f  a  doulile  miiBcleitjrve.  To  be  read  from  left  to  ligfaL 
miiHcle  WAS  (<n^iiii7i^  in  the  first  ooDtnutJon  (wbo«e  complete  eounie«  bad  notliinjr  li 
iuJJeutt^l  by  tht^  ilotl4*il  Hue),  «  seooiid  Indticttoa-Khtxk  wn^i  thrown  in.  at  such  «  tJ 
stvornl  fontriu'tiuii  l>einni  just  A«  thff  fimt  wwi  bejcitioin^  to  ctecUne.  The  itecobd  c 
to  utart  frotik  the  tli^t,  an  does  the  (tret  from  the  has^  line.     (M.  Foster) 


curves,  one  of  which  is  seen  in  ^^.  315.  These  contractions,  dtie  to  tbe 
elasticity  of  the  nmsck%  urc  called  moat  properly  {d)  Stag^e  of  clastic 
after-vibration^  or  contraction  remainder. 

The  muscle  curve  obtuined  from  the  heart  ditTers  from  that  of  otfcer 
striped  muselea  in  the  longer  duration  of  the  effect  of  atimulation;  tbe 
descending  curve  also  is  more  prolonged. 

The  greater  part  of  the  latent  period  is  taken  np  by  changes  in  thi 
muscle  itself,  and  the  remainder  occupied  in  the  propagation  ofthi 
shock  along  the  nerve. 

Tetanus*^ — If  we  stimulate  the  nerve-mnscle  preparation  with  two 
induction  shocks,  one  immediately  after  the  other,  when  the  pointed 
stimulation  of  the  second  one  corresponds  to  the  maximum  of  the  first, 
a  second  curve  (fig,  3iri)  will  occur,  which  will  commence  at  th* 
highest  p»oint  of  the  first  and  will  rise  nearly  as  high,  so  that  the  snin  d 
the  height  of  the  two  curves  almost  exactly  equals  twice  the  height  oftk 
Orst.     If  a  third  and  a  fourth  shock  be  passed,  a  similar  effect  will  es- 
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le,  and  curves  one  almve  the  other  will  be  traced,  the  third  beiDg 

lightly  lower  thun  the  second,  and  the  fourth  than  the  third*     If  a  more 

Inmeroim  series  of  shocks  occur,  however,  the  lever  after  a  time  ceases 

rise  any  further,  and  the  contrat^tion,  which  has  reached  its  maxi- 

nun,  is  maintained.     The  condition  which  ensues  la  called   Tetanus. 


Tig,  Slfi.— Curve  of  tetunim,  fmialncd   fmin  the  Raslroeneintufi  of  a  frojr,  whi'^rf  the  sb4:M;tt« 
>  MOt  in  ffotn  ad  ioductioD  <x#il,  at>out   Kiitwti  tioies  n  w^cond,  by  Ui*»  iiit«*rruptlon  of  the 
uuy  current  by  XDeanrt  of  a  vibratirij^  Kprlni:,  wlileU  dipped  iul'O  a.  cup  of  mercury,  and  broke 
!  primary  cunvDt  at  each  vibration. 

tetanus  is  really  a  summation  of  contractions,  but  unle^  the  stimuli 
econie  very  rapid  indeed,  the  muscle  will  still  be  in  a  condition  of  vi- 
bratory contraction  and  not  of  unvarying  contraction. 

If  the  shocks,  however,  be  repeated  at  very  short  intervals,  being  15 
fieoond  for  the  frog's  muscle,  but  varying  in  each  animal,  the  muscle 
>ntrjict8  to  its  utmost  suddenly  and  continues  at  ita  maximum  contrac* 
Uon  for  some  time  and  the  lever  rises  almost  perpend icuhirly,  and  then 
tribes  a  straight  line  (figp  317).     If  the  stimuli  are  not  quite  so  rapid 


Wig,  117,— CTurre  of  tetanus,  from  a  ieHe«  of  very  rapid  shocks  from  a  mai^Eietlc  iDtemipter. 

the  line  of  maximum  contraction  becomes  somewhat  wavy,  indicating  a 
sliglit  tendency  of  the  muscle  to  relax  during  the  intervals  between  the 
stimuli  (fig.  31 1>), 
H  Muscular  Work. — We  have  seen  that  work  is  estimated  by  multi- 
plying the  weight  raised,  by  the  height  through  which  it  has  been  lifted. 
It  has  been  found  that  in  order  to  obtain  the  maximum  of  work  a  mus- 
cle must  be  moderately  loaded:  if  the  weight  is  increased  beyond  a  cer- 
tain point,  how^ever,  the  muscle  becomes  strained  and  raises  it  through 
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SO  small  a  distance  that  less  work  is  accomplished.  If  the  load  is  stiH 
farther  increased,  the  muscle  is  completely  overtaxed  and  cannot  raiae 
the  weight.  No  work  is  then  done  at  all.  Practical  illnstratiom  of 
these  facts  must  be  familiar  to  every  one. 

The  power  of  a  mnsde  is  usually  measured  by  the  mazimmn  weight  whick 
it  will  support  without  stretching.  In  man  this  is  readily  determined  by  weight. 
ing  the  body  to  such  an  extent  tiiat  it  can  no  longer  be  raised  on  tiptoe:  tfm 
th^  power  of  the  calf -muscles  is  determined.  The  power  of  a  muscle  thus  esti- 
mated depends  of  course  upon  its  cross-section.  The  power  of  a  human  moatk 
is  from  two  to  three  times  as  great  as  a  frog's  muscle  of  the  same  sectional  ana. 

Fatigue  of  Muscle. — A  muscle  becomes  rapidly  exhausted  from  re- 
peated stimulation,  and  the  more  rapidly,  the  more  quickly  the  iDdn^ 
tion-shocks  succeed  each  other.  This  is  indicated  by  the  diminished 
height  of  the  muscular  contractions. 

A  fatigued  muscle  has  a  much  longer  latent  period  than  a  fresh  one. 
The  slowness  with  which  muscles  respond  to  the  will  when  fatigued  must 
be  familiar  to  every  one. 

In  a  muscle  which  is  exhausted,  stimulation  only  causes  a  contraction 
producing  a  local  bulging  near  the  point  irritated.  A  similar  efect 
may  be  produced  in  a  fresh  muscle  by  a  sharp  blow,  as  in  striking  the 
biceps  smartly  with  the  edge  of  the  hand,  when  a  hard  muscular  swelling 
is  instantly  formed. 

Accompaniments  of  Muscular  Contraction. 

(1.)  Heat  is  developed  in  the  contraction  of  muscles.  Becquerel  and 
Breschet  found,  with  the  thermo-multiplier  about  .5**  C.  of  heat 
produced  by  each  forcible  contraction  of  a  man's  biceps;  and  when  the 
actions  were  long  continued,  the  temperature  of  the  muscle  increased  V. 
This  estimate  is  probably  high,  as  in  the  frog's  muscle  a  considerable 
contraction  lias  been  found  to  produce  an  elevation  of  temperature  equal 
on  an  average  to  less  than  i"^  C.  It  is  not  known  whether  this  develop- 
ment of  heat  is  due  to  chemical  changes  ensuing  in  the  muscle,  or  to  the 
friction  of  its  fibres  vigorously  acting:  in  either  case,  we  may  refer  to  it 
a  part  of  the  heat  developed  in  active  exercise. 

(2.)  Sov7id  is  produced  as  mentioned  above,  when  muscles  contract 
forcibly.  Wollaston  showed  that  this  sound  might  be  easily  heard  by 
placing  the  tip  of  the  little  finger  in  the  ear,  and  then  making  some 
muscles  contract,  as  those  of  the  ball  of  the  thumb,  whose  sound  may  be 
conducted  to  the  ear  through  the  substance  of  the  hand  and  finger.  A 
low  shaking  or  rumbling  sound  is  heard,  the  height  and  loudness  of  the 
note  being  in  direct  proportion  to  the  force  and  quickness  of  the  mus- 
cular action,  and  to  the  number  of  fibres  that  act  together,  or,  as  it 
were,  in  time. 
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3* )  Changes  in  Shape. — There  is  a  considerable  difference  of  opinion 
the  mode  in  which  the  transverselj  striated  muscular  fibres  con- 
The  most  probable  account  is,  that  the  contraction  is  effected 
Hn  approximation  of  the  constituent  parts  of  the  fibrils,  which,  at 
lio  iudtant  of  contraction,  without  any  alteration  in  their  general  direc- 
riiHi,  beoome  closer^  flatter,  and  wider;  a  condition  which  is  rendered 
evident  by  the  approximation  of  the  transverse  striae  seen  on  the  surface 
E>f  the  fasciculus,  and  by  its  increased  breadth  and  thickness.  The 
■ppearaQce  of  the  zigzag  lines  into  which  it  was  supposed  the  fibres  are 
''^^  vn  in  contraction,  is  due  to  the  relaxation  of  a  fibre  which  has  been 
tly  contracted,  and  is  not  at  ouee  stretched  again  by  some  antago- 
nist Gbre,  or  whoee  extremities  are  kept  close  together  by  the  contractions 
of  other  fibres.  The  contraction  is  therefore  a  simple  and,  according  to 
Weber,  a  uniform,  simultaneous,  and  steady  shortening  of  each  fibre 
its  contents.  What  each  fibril  or  fibre  loses  in  length,  it  gains  in 
okness:  the  contraction  is  a  change  of  form  not  of  size;  it  is,  there- 
Hot  attended  with  any  diminution  in  bulk,  from  condensation  of 
tiasne.  This  has  been  proved  for  entire  muscles,  by  making  a  mnsa 
muscles,  or  many  fibres  together,  contract  in  a  vessel  full  of  water, 
th  which  a  fine,  perpendicular,  graduated  tube  communicates.  Any 
iniition  of  the  bnlk  of  the  contracting  mnscle  would  be  attended  by 
'all  of  fluid  in  the  tube;  but  when  the  experiment  is  carefully  per- 
tried,  the  level  of  the  water  in  the  tube  remains  the  same,  whether 
le  muscle  be  contracted  or  not. 
In  thus  shortening,  muscles  appear  fo  strell  w//,  hetoming  rounder^  more 
ninefti,  harder j  and  apparetilhf  kmyhrr.     But  this  hardness  of  muscle 


SIS.— The  mlcroBeopic  ap]>eAnmE?^^  during  a   muscular  contraction  In  th«^  Individual 

art«ir   Engelnuinn.     L  A  pasjiiv*''   mii»ele-ftbr<*;  c  to  d  =  doubljr  refractive  diaos,  with 

liaii  <n8C  a  b  in  it;  h  andi?  arei  faUTal  di^^s:  f  and  8  are  itJ^M^iondary  discs,  oaLy  slightly  doubir 
rBctlT«:  flur.  on  right  aamf^  flbrp  in  pjlarizfM  lijjht:  brij^ht  part  is  Antiblv  rffmet*d,  black  encui 
Lao,     S.  Tranaition  »ltki^\  ami  1.  mAi^  nt  i^uKrf   ccmtrfuMioo;  in  t^ach  case  the  ri^ht-haad 
re|Ht«eDt«  the  effect  of  |M:»lari»Nl   liKbt    tijttiidois  aft<?r  Et>geluiaxinJ 

the  state  of  contraction  is  not  due  to  iDcreased  firmness  or  condensa- 
tion of  the  muscular  tisane,  but  to  the  increased  tension  to  which  the 
fibres,  as  well  as  their  tendons  and  other  tissues,  are  subjected  from  the 
resistance  ordinarily  opjKJsed  to  their  contraction.  When  no  resistance 
is  offered,  as  when  a  muscle  is  cut  off  from  its  tendon,  not  only  is  no 
hardness  perceived  during  contraction,  but  the  muscular  tissue  is  even 
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softer,  more  extensile,  and  less  elastic  than  in  its  ordinary  nncontncM 
state.  During  contraction  in  each  fibre  it  is  said  that  the  anisotropo« 
or  doubly  refractive  elements  become  less  refractive  and  the  ginghi^ 
fractive  more  so  (fig.  318). 

(4.)  Chemical  Changes, — (a)  The  reaction  of  the  mnscle  which  ii 
normally  alkaline  or  neutral  becomes  decidedly  acid^  from  the  derdop- 
ment  of  sarcolactic  acid,  (i)  The  muscle  gives  oat  carbonic  scid  gv 
and  takes  up  oxygen,  the  amount  of  the  CO,  given  out  not  appetringtA 
be  entirely  dependent  upon  the  O  taken  in,  and  so  donbtlsM  in  pvt 
arising  from  some  other  source.  (c)  Certain  imperfectly  nndottood 
chemical  changes  occur,  in  all  probability  connected  with  (a)  aDd(^. 
Glycogen  is  diminished,  and  glucose,  or  mnscle  sugar  (inosite)  appesi; 
the  extractives  are  increased. 

(5.)  Electrical  Changes. — When  a  muscle  contracts  the  natuid  moadle 
current  or  currents  of  rest  undergo  a  distinct  diminution,  which  is  due 
to  the  appearance  in  the  actively  contracting  muscle  of  currents  m  a 
opposite  direction  to  those  existing  in  the  muscle  at  rest.  This  caoBn 
a  temporary  deflection  of  the  needle  of  a  galvanometer  in  a  direction 
opposite  to  the  original  current,  and  is  called  by  some  the  negative  fori- 
ation  of  the  muscle  current,  and  by  others  a  current  of  action. 

Conditions  of  Contraction. — {a)  The  irritability  of  muscle,  « 
indicated  by  length  of  latent  period,  velocity  and  extent  of  contraction, 
is  greatest  at  a  certain  mean  temperature;  (b)  after  a  number  of  con- 
tractions a  muscle  gradually  becomes  exhausted;  {c)  the  activity  of 
muscles  after  a  time  disappears  altogether  when  they  are  removed  from 
the  body  or  the  arteries  are  tied ;  (d)  oxygen  is  used  up  in  muscnlir 
contraction,  but  a  muscle  will  act  for  a  time  in  vacuo  or  in  a  gas  which 
contains  no  oxygen;  in  this  case  it  is  of  course  using  up  the  oxygen 
already  in  store;  {f*)  the  contraction  is  greater  if  the  stimulus  is  applied 
to  the  nerve,  than  if  it  be  ap2)lied  to  the  muscle  directly. 

Response  to  Stimuli. — The  two  kinds  of  fibres,  the  striped  and 
the  unstriped,  have  characteristic  differences  in  the  mode  in  which  they 
acton  the  application  of  the  same  stimulus;  differences  which  maybe 
ascribed  in  great  part  to  their  respective  differences  of  structure^  but  in 
some  degree,  possibly,  to  their  respective  mode^  of  connection  with  ih 
nervous  system.  When  irritation  is  applied  directly  to  a  muscle  with 
strijited  fibres,  or  to  the  motor  nerve  supplying  it,  contraction  of  the 
part  irritated,  and  of  that  only,  ensues;  and  this  contraction  is  instan- 
taneous, and  ceases  on  the  instant  of  withdrawing  the  irritation.  But 
when  any  part  with  unstriped  muscular  fibres,  e,  g,^  the  intestines  or 
bladder,  is  irritated,  the  subsequent  contraction  ensues  more  slowly, 
extends  beyond  the  part  irritiited,  and,  with  alternating  relaxation,  con- 
tinues for  some  time  alter  1\\g  \\\^\vviT>iw«\  ol  \Jsi^  \Ts\\aX.\si\^.    TtA  differ- 
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mn  in  the  modee  of  contraction  of  the  two  kinds  of  muscular  fibres 
Bi»T  be  particularly  illiistnited  by  the  effects  of  the  repeated  stimuli 
with  the  magnetic  interrupter.  The  rapidly  succeeding  shocks  given 
b?  this  means  tu  the  nerves  of  muscles  excite  in  al!  the  transversely  atri- 
iUd  mnsclen,  except  in  the  case  of  the  heart,  a  fixed  state  of  tetanic 
oontriction  as  previously  described,  which  lasts  as  long  as  the  stimnlns 


Flf.  3191— Mtiacle-oiirviss  trosa  the  gastrocnemius  of  a  tnyg,  iUustratin^c  effects  of  altcr&tioiLS  In 

tL-mi3eratur*r. 

k  continued,  and  on  its  withdrawal  instantly  ceases;  but  in  the  muscles 
witb  nnstriiied  fibres  tliey  excite  a  slow  vermicular  movement,  whi€h  is 
comparatively  slight  and  alternates  with  restt*  It  continues  for  a  time 
liter  the  stimulus  is  withdrawn. 

1q  their  mode  of  responding  to  these  stimuli,  all  the  skeletal  muscles,  or 
^tttm  with  tranaverse  strisPt  are  alike  ;  but  aniong  thr>8e  with  unHtrijwHl   fibrt>s 

Pthew  an*  niany  differences — a  fact  which  t^nds  to  confirm  the  opiuion  that 
their  peculiarity  depends  as  well  on  their  ctmuection  with  nerves  and  ganglia 
_      li  on  th**ir  own  propertieH.     The  uretera  and  ^all  bladder  aro  the  parts  least 
excited  by  stimuli  ;  they  da  not  act  at  all  till  the  stiniulim  has  been  long  applied, 
ittd  then  can  tract  feebly,  and  to  ii  small  extent.     The  contractions  of  the  ctEcum 
ud itomiich  arequickerand  wider  sprt*iid  :  still  quicker  those  uf  the  iris,  and  of 
the  ttriaary  bladder  if   it  be  not  t*Mj  full.     The  at^tions  of   the  small  and  large 
^tfi«tin<«,  of  the  ras  deferens,  and  prej^naiit  ut^'rus,  are  yet  more  vivid,  more 
^^^IHlftr,  and  more  sustained  ;  and  they  reciuire  no  more  stimulus  than  that  of  the 
•^  lo  excite  them.     The  heart,  on  account,  doubtless,  of  its  striated  muscle,  is 
*•  l|tiickest  and  most  vipt»njii8  of  all  the  moscles  of  organic  life  in  contracting 
irritation,  and  apiK'-ars  in  this,  as  in  nearly  all  other  respects^  to  be  the  con* 
memtier  of  the  two  classes  of  muscles. 
All  the  inusc'lea  retain  their  propert}*  of  contracting  under  the  influence  of 
uti  applitxl  to  them  or  to  their  nerves  for  some  time  after  death,  the  perio<l 
lostger  in  coldhlrjcMled  than  in  warm-ldiMKled  Vertebnita,  and  shorter  iti 
than  in  Bfammalia.     It  would  setnu  a»  if  tlie  more  active  the  respirator}' 

in  the  living  animal,  the  shorter  is  the  time  of   duration  of  the  irrita- 

j*Uty  in  the  mujs^'les  after  deatli ;  and  tliis  is  contirme^l  by  the  comparison  of 
**  Afferent  sprcies  in  the  same  order  of  Vertebrata.  But  the  period  during  which 
^*t«  irritability  lasta  is  not  the  same  in  all  persons,  nor  in  all  the  muscles  of 
^***  same  permtn.  In  a  man  it  ceAtes,  accord ing  to  Nysten,  in  the  following 
^••^fcr: — llt«t  in  th«*  left  ventricle,  then  in  the  intestines  and  stomach,  the 
^^i^»ry  bladder,  right  ventricle,  (Bsophagtis*  iris ,  then  in  ilie  voluntary  mns- 
^^••af  the  trunk,  lower  and  upper  extremities ;  lastly,  in  the  right  and  left 
of  the  heart 
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Muscle  ia  Rigor  Mortis* 

After  the  muscles  of  the  deiid  body  have  lost  their  irritftbility  or  ctpb* 
bility  of  being  excited  to  contraction  by  tho  application  of  a  atimulut, 
they  spontaneously  pass  into  a  state  of  contraction,  apparently  identicil 
with  that  which  ensues  during  Hfu*  It  aJfecta  all  the  mutK'les  of  ih% 
body^  and,  when  external  circumstanced  do  not  prevent  it,  eomtnonl^ 
fixes  the  limbg  in  thai  which  ig  their  natural  pogture  of  eqailibrinis  or 
rest  Hence^  and  from  the  sinioltaueoiiB  contraction  of  all  the  mosdift 
of  the  trunk)  is  produced  a  general  stiffening  of  the  body^  constitutiikg 
the  rigor  mortis  or  post -mor tern  ritjidittj. 

When  tliis  condition  bus  set  in,  the  muscle  {a)  become  acid  in  reactiffn 
(due  to  development  of  sarcolactic  acid),  {h)  ifives  off  carbonic  andm 
great  excess,  (r)  dimiitisfifs  in  volume  .shy hily^  (d)  becomes  shortened  ani^ 
opaque^  its  substance  setting  tirm.  Kigor  comes  on  much  more  rapidly 
after  muscular  activity^  and  is  liastened  by  warmth.  It  may  be  brought 
on,  in  muscles  exposed  for  experiment,  by  the  action  of  digtilled  witic 
and  many  acids,  also  by  freezing  and  thawing. 

VauM. — The  immediate  cause  of  rigor  seems  to  be  a  chemical  aii6| 
namely,  tho  coagulation  of  ttie  muscle  plasma.  We  may  distingnudi 
three  main  stages — (1.)  Gnuhud  couguhUion.  (2.)  Contraction  of  ooflg- 
ulated  muscle-clot  (myosin),  and  squeezing  out  of  muacle^serum*  (3.) 
Putrefaction.  After  the  first  stage,  restoration  is  po6sil>]e  through  the 
circulation  of  arterial  blood  through  the  muscles,  and  even  when  tlw 
second  stage  has  set  in,  vitality  may  be  restored  by  dissolving  the  coa^* 
ulum  of  the  niugele  in  salt  solution,  and  passing  arterial  blood  throofh 
the  vessels.     In  the  third  stage  recovery  is  impossible. 

It  has  been  noticed  that  the  relaxation  in  muscles  after  rigor  aoro^ 
times  occurs  too  quickly  to  be  e^msed  by  putrefaction,  and  the 8Ugg«ltio& 
that  in  such  cases  at  any  rate  su(*h  relaxation  is  due  to  a  ferment-actioit 
ia  very  plausible.  It  is  known  that  pepsin  is  present  in  nmscles^  an*! 
that  this  ferment  will  act  in  an  acid  medium.  The  conditiouB  for  the 
solution  of  the  coagulated  myosin  are  therefore  present  as  the  reaction 
of  rigored  muscle  is  acid. 

(hdtr  of  Occur  re  fire.  ^The  muscles  arc  not  affected  simultaneoualjojf 
rigor  mortis.  It  affects  the  neck  and  lower  jaw  first;  next,  the  npp* 
extremities,  extending  from  above  downward;  and  lastly,  reaches  the 
lower  limbs;  in  some  rare  instances  only,  it  affects  the  lower  extremititf 
before,  or  simultaneously  with,  the  upper  extremities.  It  usually  eetfcA 
in  the  order  in  which  it  begins;  first  at  the  head,  then  in  the  upp^ 
extremities,  and  lastly  in  the  lower  extremities.  It  never  commoiici^ 
earlier  than  ten  minutes,  and  never  later  than  seven  honrs  after  deith; 
and  ita  duration  ia  greater  in  proportion  to  the  lateness  of  its  accessioa. 
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Heat  is  developed  daring  the  passage  of  a  muscular  fibre  into  the  condi- 
:^  tiim  of  rigor  mortis. 

(  Since  rigidity  does  not  ensue  until  muscles  have  lost  the  capacity  of 
^  Mug  excited  by  external  stimuli,  it  follows  that  all  circumstances  which 
{j  OMie  a  speedy  exhaustion  of  muscular  irritability,  induce  an  early  oc- 
l^i'  ourence  of  the  rigidity,  while  conditions  by  which  the  disappearance  of 
fi  ihe  irritability  is  delayed,  are  succeeded  by  a  tardy  onset  of  this  rigidity. 
J  vEbnoe  its  speedy  occurrence,  and  equally  speedy  departure  in  the  bodies 
.f  of  persons  exhausted  by  chronic  diseases;  and  its  tardy  onset  and  long 
f  oontinuance  after  sudden  death  from  acute  diseases.  In  some  cases  of 
;'  audden  death  from  lightning,  violent  injuries,  or  paroxysms  of  passion, 
ligor  mortis  has  been  said  not  to  occur  at  all ;  but  this  is  not  always  the 
It  may,  indeed,  be  doubted  whether  there  is  really  ^  complete 
9nce  of  the  post-mortem  rigidity  in  any  such  cases;  for  the  experi- 
■wnts  of  Brown-S6quard  make  it  probable  that  the  rigidity  may  supervene 
immediately  after  death,  and  then  pass  away  with  such  rapidity  as  to  be 
flosroely  observable. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous  exist- 
aooe  of  paralysis  in  a  part,  provided  the  paralysis  has  not  been  attended 
with  very  imperfect  nutrition  of  the  muscular  tissue. 

The  rigidity  affects  the  involuntary  as  well  as  the  voluntary  muscles, 
whether  they  be  constructed  of  striped  or  unstriped  fibres.  The  rigidity 
<x(  involuntary  muscles  with  striped  fibres  is  shown  in  the  contraction  of 
the  heart  i^ter  death.  The  contraction  of  the  muscles  with  unstriped 
flbres  is  shown  by  an  experiment  of  Valentin,  who  found  that  if  a  grad- 
uated tube  connected  with  a  portion  of  intestine  taken  from  a  recently- 
l^iUed  animal,  be  filled  with  water,  and  tied  at  the  opposite  end,  the 
water  will  in  a  few  hours  rise  to  a  considerable  height  in  the  tube, 
owing  to  the  contraction  of  the  intestinal  walls.  It  is  still  better  shown 
in  the  arteries,  of  which  all  that  have  muscular  coats  contract  after 
death,  and  thus  present  the  roundness  and  cord-like  feel  of  the  arteries 
of  a  limb  lately  removed,  or  those  of  a  body  recently  dead.  Subsequently 
they  relax,  as  do  all  the  other  muscles,  and  feel  lax  and  flabby,  and  lie 
as  if  flattened,  and  with  their  walls  nearly  in  contact. 

Action  of  the  Voluntary  Muscles. 

The  greater  part  of  the  voluntary  muscles  of  the  body  act  as  sources 
of  power  for  moving  levers, — the  latter  consisting  of  the  various  bones  to 
which  the  muscles  are  attached. 

Ezamplet  of  the  three  orders  of  levers  in  the  Human  Body.— All  levers  have 
been  divided  into  three  kinda»  according  to  the  relative  position  of  the  poioer, 
the  weight  to  be  removed,  and  the  axis  of  motion  or  fulcrum.  In  a  lever  of 
UifBjIrgi  khid4be  power  is  at  one  extremity  of  the  lever,  the  \Dcight  «X  \)iQft  QV:Ki<^T, 
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and  the  fukrmm  between  the  two.  If  the  initija  letters  onlj  of  tiiepotper. 
weight,  and  fyJkrmm  be  nwd,  the amnceoient  will  stand  thns-.—P.  F.  W.  a 
poker  ae  otdinarilj  nwd,  or  the  bar  in  fig.  820,  may  be  cited  as  an  eiamplenf 
this  Tarie^  oC  lerer ;  while,  aa  an  inatance  in  which  the  bones  of  the  honQ 


j__l 
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skeleton  are  used  as  a  lever  of  the  same  kind,  maj  be  mentioned  the  act  of 
raising  the  body  from  the  stooping  posture  by  means  of  the  hamstring  mosdes 
attached  to  the  tuberosity  of  the  ischium  (fig.  S20). 

In  a  lever  of  the  second  kind,  the  arrangement  is  thus : — P.  W.  F. ;  and  this 
leverage  is  employed  in  the  act  of  raising  the  handles  of  a  wheelbarrow,  or  in 
stretching  an  elastic  band,  as  in  fig.  821.  In  the  human  body  the  act  of  open- 
ing tlie  mouth  by  depressing  the  lower  jaw  is  an  example  of  the  same  kind- 
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the  tension  of  the  muscles  which  close  the  jaw  representing  the  weight 
(fig.  321). 

In  a  lever  of  the  third  kind  the  arrangement  is — F.  P.  W.,  and  the  actctf 
raising  a  pole,  as  in  fig.  322,  is  an  example.  In  the  human  body  there  are 
numerous  examples  of  the  employment  of  this  kind  of  leverage.  The  act  iA 
bending  the  fore  arm  may  be  mentioned  as  an  instance  (fig.  822).  The  act  of 
biting  is  another  example. 

At  the  ankle  we  have  examples  of  all  three  kinds  of  lever.  1st  kind— Ex- 
tending the  foot.  3d  kind— Flexing  the  foot.  In  both  these  cases  the  foot 
represents  the  weight :  the  ankle  joint  the  fulcrum,  the  power  being  the  calf 
muscles  in  the  first  case  and  the  tibialis  anticus  in  the  second  case.     2d  kind— 
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^    Wlmi  the  body  is  raised  on  tiptoe.      Here  the  ground  is  the  fulcrum,  the 
"^  mi^t  of  the  body  acting  at  the  ankle  joint  the  weight,  and  the  calf  muscles 
power. 

In  the  human  body,  levers  are  most  frequently  used  at  a  disadvantage  as 
power,  the  latter  being  sacrificed  for  the  sake  of  a  greater  range  of 
motion.  Tlius  in  the  diagrams  of  the  first  and  third  kinds  it  is  evident  that 
Ota  power  is  so  close  to  the  fulcrum,  that  great  force  must  be  exercised  in  order 
U>  produce  motion.     It  is  also  evident,  however,  from  the  same  diagrams,  that 


Fig.  828. 

by  the  closeness  of  the  power  to  the  fulcrum  a  great  range  of  movement  can 
be  obtained  by  means  of  a  compaitttively  slight  shortening  of  the  muscular 


The  greater  number  of  the  more  important  muscular  actions  of  tlie 
haman  body — those,  namely,  which  are  arranged  harmoniously  so  as  to 
SQbscrve  some  definite  purpose  or  other  in  the  animal  economy — are  de- 
■cribed  in  various  parts  of  this  work,  in  the  sections  which  treat  of  the 
physiology  of  the  processes  by  which  these  muscular  actions  are  resisted 
or  carried  out.  There  are,  however,  one  or  two  very  importjuit  and 
somewhat  complicated  muscular  acts  which  may  be  best  described  in 
this  place. 

Walking. — In  the  act  of  walking,  almost  every  voluntary  muscle  in  the  body 
is  brought  into  play,  either  directly  for  purposes  of  progression,  or  indirectly 
for  the  proper  balancing  of  the  head  and  trunk.  The  muscles  of  the  arms  are 
least  concerned ;  but  even  these  are  for  the  most  part  instinctively  in  action  to 
tome  extent. 

Among  the  chief  muscles  engaged  directly  in  the  act  of  walking  are  those  of 
the  calf,  which,  by  pulling  up  the  heel,  pull  up  also  the  astragalus,  and  with  it, 
of  course,  the  whole  body,  the  weight  of  which  is  transmitted  through  the 
tibia  to  this  bone  (fig.  823).  When  starting  to  walk,  say  with  the  left  leg, 
this  raising  of  the  body  is  not  left  entirely  to  the  muscles  of  the  left  calf,  but 
the  trunk  is  thrown  forward  in  such  a  way,  that  it  would  fall  prostrate  were 
it  not  that  the  right  foot  is  brought  forward  and  planted  on  the  ground  to  sup- 
port it.  Thus  the  muscles  of  the  left  calf  are  assisted  in  their  action  by  those 
muscles  on  the  front  of  the  trunk  and  legs  which,  by  their  contraction,  pull  the 
body  forward ;  and,  of  course,  if  the  trunk  form  a  slanting  line,  with  the  in- 
clination forward,  it  is  plain  that  when  the  heel  is  raised  by  the  calf- muscles, 
29 
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th«:  whole  bod  J  will  be  rmued.  and  pushed  obliquely  forward  and  upvui 
The  successive  acts  in  taking  the  first  step  in  maSking  are  represented  in 
fig.  323.  1.  2.  3. 

Now  it  is  evident  that  by  the  time  ttw  body  has  assumed  the  position  Ka  1^ 
it  is  time  that  the  right  leg  should  be  brou^t  forward  to  support  it  and  pR. 
vent  it  from  falling  piostiatr.  This  advance  of  the  other  leg  (in  this  csae  the 
right)  is  effected  partly  by  its  mechanically  swinging  forward,  pendnlm. 
wise,  and  partly  by  muscular  action ;  the  muscles  used  being — Jst,  those  on  thi 
front  of  the  thigh,  which  bend  the  thigh  for^-ard  on  the  pelvis,  especiaUy  tb 
rectus  feiiioris.  with  the  psoas  and  the  iliacus ;  Sdly,  the  hamstriDg  muscle^ 
which  slightly  bend  the  leg  on  the  thigh ;  and,  StUy,  the  muscles  on  tlie 
front  of  the  leg,  which  raise  the  front  of  the  foot  and  toes,  and  so  prevent  the 
latter  in  swinging  forward  from  hitching  in  the  ground. 

The  second  part  of  the  act  of  walking,  which  has  been  just  descnbcd,  is 
shown  in  the  diagram  (4.  fig.  323). 

When  the  right  foot  has  reached  the  ground  the  action  of  the  left  leg  has  not 
ceased.  The  calf -muscles  of  the  latter  continue  to  act,  and  by  pulling  Ui«  the 
heel,  throw  the  body  still  more  forward  over  the  right  1^,  now  bearing  nt:j^lT 
the  whole  weight,  until  it  is  time  that  in  tto  turn  the  left  leg  sliould  swlo^ 
forward,  and  the  left  foot  be  planted  on  the  ground  to  prevent  the  bodj  from 
falling  prostrate.  As  at  first,  while  the  calf -muscles  of  one  leg  and  foot  an 
prejKiring,  so  to  speak,  to  puish  the  body  forward  and  upward  from  behind 
l)v  raising  the  heel,  the  muscles  on  the  front  of  the  trunk  and  the  same  le^ 
(aiHl  of  the  other  leg,  except  when  it  is  swinging  forward)    are  helping  dK 


art  by  jmlling  the  legs  and  trunk,  so  as  to  make  them  incline  forward,  the 
rotation  in  the  inclining  forward  being  effected  mainly  at  the  ankle  joint 
Two  main  kinds  of  leverage  are,  therefore,  employed  in  the  act  of  walking, 
and  if  tin's  idea  l>e  firmly  grasptnl.  the  details  will  be  understood  with  com- 
parativo  ease.  One  kind  of  leverage  employed  in  walking  is  essentially  Ae 
same  with  thai  employed  in  pulling  forward  the  pole,  as  in  fig.  322.  And  the 
other,  less  exactly,  is  that  employed  in  raising  the  handles  of  a  wheelbarrow. 
Now.  siijiposing  the  lower  end  of  the  pole  to  be  placed  in  the  barrow,  we 
should  have  a  very  rough  and  inelegant,  but  not  altogether  bad  representation 
of  th(»  two  main  levers  employed  in  the  act  of  walking.  Tlie  body  isjmUcd 
forward  hy  tlie  muscles  in  front,  much  in  the  same  way  that  the  ix>le  might  be 
hy  tlie  force  ap])Ii,-d  ai  P.,  while  the  raising  of  the  heel  and  piuifiing  forward 
of  the  trunk  by  tlie  calf- muscles  is  roughly  represented  on  raising  the  handles 
of  th(»  harrow.  The  manner  in  which  these  actions  are  performed  alternately 
by  each  leg,  so  that  one  after  the  other  is  swung  forward  to  support  the 
trunk,  whiv^h  is  at  the  same  time  pushed  and  pulled  forward  oy  the  muscles 
of  the  other,  may  be  gathered  from  the  the  previous  description 


___^_  more  UiiDf?  t<»  be  esperially  noticcHl  in  tlw  act  of  walking,  In- 
mtUSdk  1M  'Be  bcitiy  is  lieitig  consUiotl y  di]|ip(»rted  and  kilauced  oti  each  leg 
altHnstaly.  and  tlu-rvfore  on  only  om?  at  the  siimv  moment,  it  is  evident  tlint 
be  some  provision  made  Tor  throwing  tlie  c'enti"e  of  gravity  over  the 
id  support  formed  by  the  bones  of  each  leg,  an,  in  it^  turn,  it  su|jports  tlie 
wie|gli&  cif  the  body.  Thid  may  be  done  in  various  ways,  and  the  niaunt*r  in 
wiiMl  i$  i«  effected  is  one  element  in  the  differences  which  exist  in  the  walk- 
ll^ef  difli^reDt  people,  Thiw  it  may  be  done  Yty  an  instinctive  slight  rotation  of 
tim  pelvt5  oo  the  head  of  each  femur  in  turn,  in  Hurh  a  manner  that  the  centre 
(ol  gimTityof  thp  body  shall  fall  over  the  foot  of  this  side.  Thns  when  the  IxKly 
M  imslied  iMiward  and  upward  by  the  raising,  say.  of  the  right  hei4,  an  in  fig. 
Xai,  8.  thf  pelvis  is  instinctively  by  various  nutBcles  made  to  rotate  on  the 
of  the  left  femur  at  the  ncetahiilum.  to  the  left  Hide,  «o  that  the  weight 
fall  over  the  line  of  support  fonueil  by  the  left  leg  at  the  time  that  the 


Hi;     t.M 

'HF^^  Ib^  is  swinging  forward,  and  leaving  all  the  work  of  8upp*irt  to  fall  on 
^^  f«llciw.  Such  a  ** rocking*"  movement  of  the  trunk  and  ix>lvis,  however,  is 
''^*^*iiipaiiiwl  hy  a  movement  of  the  whole  trunk  jmd  leg  over  the  foot  which 
•*  Wing  plfintfHi  on  the  gr<n»nd  (fig.  3*24)  :  tin*  actii^u  being  accompanied  with 
*  ^mofienaaUiry  outward  luovi'nient  at  the  hip,  more  easily  apprec-iate«l  by 
***o<iing  nt  the  figure  <in  which  thi»  movement   h  shown  exaggentte<i)  thau 

Tliua  tile  liody  in  walking  ifi  ronttnually  rining  ami  t^waying  alternately 
*^iinoiii»  side  to  the  other,  ua  it#*  centra  of  gravity  htia  to  be  brought  alternately 
^Mi*r  <itie  t»r  other  leg  ;  and  the  curvatures  of  the  hpino  are  altered  in  corre- 
^Jinndencf  with  the  varying  jioeiition  of  the  weight  which  it  b-iw  U^  BUinK>rt.  Tl>e 
^tlcnl  l'»  whith  the  lj*xly  in  rai^ied  or  swayed  ditTem  much  in  dilTerent  f>eople. 
In  walking,  one  fix>t  or  the  other  is  always  on  the  grtmnd.  The  act  of  leaping 
^^  jiunptng,  connitits  in  so  i^iudden  a  raising  of  the  heels  by  the  sharp  and  strong 
^ontomction  of  the  calf-mudcleis.  that  the  body  i!»  jerked  off  the  ground.  At  the 
^HHB  tifiM*  llie  effect  is  much  increased  by  fimt  bendlnj  the  thighs  on  the  pel- 
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vis,  and  the  legs  on  the  thighs,  and  then  suddenly  straightening  out  the  kd^ 
thus  formed.  The  share  which  this  action  has  in  producing  the  effect  maj  be 
easily  known  by  attempting  to  leap  in  the  upright  posture,  with  the  leg«  qniti 
straight. 

Running  is  performed  by  a  series  of  rapid  low  jumps  with  each  leg  atter- 
natel y  :  so  that,  during  each  complete  muscular  act  concerned,  there  is  a  nooaat 
when  both  feet  are  off  the  ground. 

In  all  these  cases,  however,  the  description  of  the  manner  in  which  nj 
given  effect  is  produced,  can  give  but  a  very  imperfect  idea  of  the  infinl^ 
number  of  combined  and  harmoniously  arranged  muscular  contracticHis  vhui 
are  necessary  for  even  the  simplest  acts  of  locomotion. 

Action  of  the  Involuntary  Muscles. — The  involuntary  tnosdei 
arc  for  the  most  part  not  attached  to  bones  arranged  to  act  as  levers,  imt 
enter  into  the  formation  of  such  hollow  parts  as  require  a  diminution  of 
their  calibre  by  muscular  action,  under  particular  circumstances.  Ex- 
amples of  this  action  are  to  be  found  in  the  intestines,  urinary  bladder, 
heart  and  blood-vessels,  gall-bladder,  gland-ducts,  etc. 

The  difference  in  the  manner  of  contraction  of  the  striated  and  non- 
striated  fibres  has  been  already  referred  to  (p.  438) ;  and  the  pecnliir 
vermicular  or  })eristaltic  action  of  the  latter  fibres  has  also  been  describei 

Electrical  Gubbents  in  Nebves. 

Tlie  electrical  condition  of  nerves  is  so  closely  connected  with  liie 
j)henoniena  of  muscular  contraction,  that  it  will  be  convenient  to  cot- 
sider  it  in  tlie  present  chapter. 

If  a  piece  of  nerve  be  removed  from  the  body  and  subjected  to  exami- 
nation in  a  way  similar  to  that  adopted  in  the  case  of  muscle,  which  Las 
been  described,  electrical  currents  are  found  to  exist  which  corresiK-nd 
exactly  to  the  natural  muscle  currents,  and  which  are  called  naturf-J 
iicrrc  r/frrrft/s  or  currents  of  rest,  according  as  one  or  other  theory  of 
their  existence  be  adopted,  as  in  the  case  with  muscle.  One  poiu; 
(equator)  (»n  the  surface  being  positive  to  all  other  points  nearer  to  tho 
cut  ends,  and  the  greatest  deflection  of  the  needle  of  the  galvanomi'tc: 
taking  place  when  one  electrode  is  applied  to  the  equator  and  the  other 
to  the  centre  of  either  cut  end.  As  in  the  case  of  muscle,  these  nerve 
currents  undergo  a  negative  variation  wheu  the  nerve  is  stimulated,  the 
variation  ])oing  momentary  and  in  the  opposite  direction  to  the  natural 
currents;  and  are  similarly  known  as  the  currents  of  action.  The  cur- 
rents of  action  are  propagated  in  both  directions  from  tlie  point  of  tlu 
a])})lication  of  the  stimulus,  and  are  of  momentary  duration. 

Rheoscopic  Frog.— Tliis  negative  variation  may  be  demoDstrated  hy  means  of 
the  following  t^x|H»rinient.  The  new  current  produced  by  stimulating  the  nerve 
of  one  IK Tvo- muscle  preparation  may  be  used  to  stimulate  the  nerv'e  of  a  shtodJ 
nerve  nuisclo  preparation.     The  foreleg  of  a  frog  with  the  nerve  going  to  the 
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|Mtroeiieiiiiii8  cut  long  i»  placed  upon  a  glaas  plat**,  and  arrarie:efl  in  such  way 
tluU  ito  nene  touoheu  in  two  places  the  hciati€  neno,  exposed  but  prewc^rvetf 
m  mtu  io  the  opposite  thigh  of  the  frog.  The  electrodes  from  an  iDiiuction 
ooU  AM  j>laoed  behind  the  aciatic  nerve  of  the  second  prepjiratiou,  high  up, 
QoilijDulAtiog  it  with  a  single  indiietion  ^hixk,  the  mu8cle8  not  ooty  of  thd 
um  teg  are  found  to  undergo  a  twitch,  but  also  those  of  the  first  prt»paration, 
ih^l^h  thi^  is  not  near  tlie  electrodes*  and  so  the  stimulation  cannot  be  due 
toiaflica|wof  tbe  current  into  the  firat  oerre.  This  experiment  is  known 
noder  tJbe  name  of  the  rheoscopie  frog. 

Ncnrc-stimuli. — Nerve-fibres  require  to  be  stimuhited  before  they  ran 

ninifeet  any  of  their  properties,  since  they  have  no  power  of  themselves 

rf  generating^  force  or  of  originating  tm pulses.     The  stimuli  whieh  are 

ctpable  of  exciting  nerves  to  action  are,  as  in  the  eaee  of  mti&cle,  very 

diverar.     They  are  very  similar  in  eaoh  case.     The  meehanieal,  chem* 

icaJ,  thermal,  and  electric  stimuli  whieli  may  bo  used  in  the  one  case 

%m  ako,  with  certain  differences  in  the  methods  employed,  e(!icacions  in 

the  other.     The  chemical  gtimtdi  are  chiefly  these:  withdrawal  of  water, 

te  by  drying,  strong  solutions  of  neutral  salts  of  potassinm,  sodium,  etc., 

ttm  ioorgaiiic  acids,  except  phosphoric;   some  organic  acids;  ether, 

fTi,  and  bile  salts.      The  electrical  stimuli   employed  are  the 

I    _       ii  and  continnons  currents  concerning  which  tlie  observations  in 

J^ference  to  muscular  contraction  should  be  consulted.     Weaker  elcc* 

trical  stimuli  will  excite  nerve  than  will  excite  mnscle;  the  nerve  stimuli 

^f^ears  to  gain  strength  as  it  descends,  and  a  weaker  stimulus  applied 

from  the  muscle  will  liave  the  same  effect  as  a  stronger  one  applied 

the  nerve  near  the  muscle. 

It  will  be  only  necessary  here  to  add  some  account  of  the  effeii  of  a 

\iani  rurrtnt^  such  as  that  obtained  from  a  DanielFs  battery,  upon  a 

ve.     This  effect  may  be  s»tudied  with  the  apparatus  described  before. 

.  pair  of  clectrotles  is  placed  behind  the  nerve  of  the  nerve-muscle  prep- 

aition,  with  a  Du  Bois  Reymond's  key  arranged  for  short  circuiting 

bf  batt^TV  current,  in  such  a  way  that  wlien  the  key  is  opened  the  cnr- 

Isat  is  sent  into  the  nerve,  and  when  closed  the  current  is  cut  off.     It 

^11  be  found  that  with  a  current  of  moderate  strength  there  wiU  be  a 

l^ntraction  of  the  muscle  both  at  the  opening  and  at  the  closing  of  tlie 

ly   (called  resi)ectively  making  and  Ifreaking  contractions),  but  that 

irtng  the  interval  between  these  two  events  the  muscle  remains  flaccid, 

ivided  the  battery  current  continues  of  constant  intensity.     If  the 

^rrent  be  a  very  weak  or  a  very  strong  one  the  effect  is  not  quite  the 

nc;  one  or  other  of  the  contractions  may  be  absent.     Which  of  these 

bntractions  is  absent  depends  upon   another  circumstance,  viz.,  the 

trection  of  the  current.     The  direction  of  the  current  may  be  ascending 

dfm^ending:  if  ascending,  the  anode  or  positive  pole  is  nearer  the 

"nmacle  than  the  cathode  or  negative  pole,  and  the  current  to  return  to 
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the  battery  has  to  pass  up  the  nerve;  if  descending,  the  position  of  tk 
electrodes  is  reversed.  It  will  be  necessary  before  considering  this  que^ 
tion  further  to  return  to  the  apparent  want  of  effect  of  the  consUnt 
current  during  the  interval  between  the  make  and  break  contraction:  to 
all  appearances  no  change  is  produced,  but  in  reality  a  very  imporULt 
alteration  of  the  irritability  is  brought  about  in  the  nerve  by  the  ])asBBp 
of  this  constant  (polarizing)  current.  This  may  be  shown  in  two  vaja, 
first  of  all  by  the  galvanometer.  If  a  piece  of  nerve  be  taken,  and  if  at 
either  end  an  arrangement  be  made  to  test  the  electrical  couditiou  of 
the  nerve  by  means  of  a  pair  of  non-polarizable  electrodes  connected  with 
a  galvanometer,  while  to  the  central  portion  a  pair  of  electrodes  con- 
nected with  a  Daniell's  battery  be  applied,  it  will  be  found  that  tLe 
natural  nerve-currents  are  profoundly  altered  on  the  passage  of  the  con- 
stant current  in  the  neighborhood.  If  the  polarizing  current  be  in  the 
same  direction  as  the  latter  the  natural  current  is  increased,  but  if  in 
the  direction  opposite  to  it,  the  natural  current  is  diminished.  Tbi* 
change,  pnxluced  ])y  the  continual  passage  of  the  battery-current  through 
a  portion  of  the  nerve,  is  to  be  distinguislied  from  the  negative  varia- 
tion of  the  natural  current  to  which  allusion  has  been  already  made,  and 
which  is  a  momentary  change  occurring  on  the  sudden  application  of 
the  stimulus.  The  condition  produced  by  the  passage  of  a  constant 
current  is  known  by  the  name  of  Electrotonus. 

A  second  way  of  showing  the  effect  of  the  polarizing  current  is  bj 
taking  a  nerve-muscle  preparation  and  applying  to  the  nerve  a  jiairof 
electrodes  from  an  induction  coil,  while  at  a  point  further  removed  from 
tlie  muscle,  elec^trodes  from  a  Daniell's  battery  are  arranged  with  a  kej 
for  short  circuiting  and  an  apparatus  (reverser)  by  which  the  battery 
current  may  be  reversed  in  direction.  If  the  exact  point  be  ascertained 
to  which  the  secondary  coil  should  be  moved  from  the  primary  coil  in 
order  that  a  minimum  contraction  be  obtained  by  the  induction  shock, 
and  the  secondary  coil  be  removed  slightly  further  from  the  primar}*, 
the  induction  current  cannot  now  produce  a  contraction;  but  if  ilie 
polarizing  current  be  sent  in  a  descending  direction,  that  is  to  say,  with 
the  catliode  nearest  the  other  electrodes,  the  induction  current,  which 
was  ])efore  insufiicient,  will  prove  sufficient  to  cause  a  contraction; 
wliereby  indicating  that  with  a  descending  current  the  irritability  of 
tlie  nerve  is  increased.  By  means  of  a  somewhat  similar  experiment  it 
may  be  sliown  that  an  ascending  current  will  diminish  the  irritability 
of  a  nerve.  Similarly,  if  instead  of  applying  the  induction  electrodes 
below  the  other  electrodes  they  are  applied  between  them,  like  effects 
are  demonstrated,  indicating  that  in  the  neighborhood  of  the  cathode 
the  irritability  of  the  nerve  is  increased  by  the  passage  of  a  constant 
current,  and  in  the  neighborhood  of  the  anode  diminished.     This  in< 
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mm  in  irrituhilitv  is  rii\Uu\  katelectrotonus,  and  ainiihirly  the 
dccrmK  is  milled  anelectrotonus.  As  there  is  between  tfie  elec-trodes 
Iwth  an  iBcreaae  and  a  decrenBe  of  irritability  on  tho  ]>assa|^e  of  a  po- 
lariiing  ciimnit,  it  must  be  evident  that  the  iiierea^e  nnistsha<ie  ofT  into 
lh«f  tlftcr^ise,  jiiid  that  there  must  he  a  neuintl  puint  where  there  in 
ni-itbpr  incTPiiae  nor  decrease  of  irritability.  The  position  of  tliis 
nentnii  jMiiiit  is  found  to  vary  with  tlie  Intensity  of  the  pohiriziiij,^  enr- 
WU— wjien  the  current  is  weak  tlio  point  h  nearer  tiie  anode,  when 


rix^^eSL— Dia^nun  illustratttig^  tbe^  ti-ffecta  of  raricnis  intetmltfes  of  tbt^ool  irizlnjir  i'urrt*nta, 

•ifiniubility.  aod  wtieii  tlie  current  Is  sniall  the  increaAe  and  dM^rt^oitf'  tuv  tKith  ninall,  wttli  the* 
teiQlnJ  pulDt  »e*r  a.  Mid  «o  on  •»  the  cmrent  is  iocreaned  in  stn*tij?tlL 

•trong  nearer  the  kathode   (fig.  325) ;  when  a   constant  current  patjsea 

into  a  nerve,  therefore,  if  a  contraction  result,  it  nniy  be  assumed  that 

'^  i«  dne  t4>  the  increased  irritability  produced  m  the  neighborhood  of 

^^»^  kathoile,  but  tlio  breaking  contraction  must  Ix*  produeed  by  a  rise 

'**    irritability  from  a  lowered  sUte  to  the  normal  in  the  neigli1>orln>od 

**^  the  anode,     Tho  contractions  produced  in  tlie  muscle  of  a  nerve- 

"^^UiMle  preparation  by  a  constant  current  have  l>een  arranged  in  a  table 

^"^hicb  is  known  as  Pftuger'8  Law  of  Contractions.     It  is  really  only  a 

*^teinent  as  to  when  a  contraction  may  be  exjiected  ; — 


9»BBMini  cjT  CmiBXifT  r«M]>. 

DncKKomo  CnuwiiT. 

ABCmDIXO  CtTKUVT. 

Mklw. 

BTMk.         1 

MAkQ. 

Break, 

Yea.. 
Yes. 

Y€«. 

Yea. 

No. 
No. 
Ye«. 
No. 

No. 
Y^, 

Y€il. 

No, 

No. 
No. 
Yes. 

?^«« • •     - 

Yea, 

Tbedifficnlty  in  this  table  is  chiefly  in  theeffect  of  a  weak  aecendin*: 
^Urrent,  but  the  following  statement  may  remove  it.  The  increase  of 
^  ^^•"itjibility  at  the  kathode  when  the  current  is  made  is  more  potent  to 

!  '^oduec  a  contraction  than  the  rise  of  irritability  at  the  anode  when  the 
^^rrent  is  broken;  and  so  with  weak  currents  the  only  effect  is  a  con* 

^^[^tioD  at  the  make  of  both  currents,     llie  descending  current  is  more 
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potent  than  the  ftBcending  (and  with  still  weaker  cnrrcnts  is  the  only 
one  which  prridnees  any  effect),  since  the  kathode  is  near  the  muscle. 
In  the  ^a^e  of  the  ascending  cnrrent  the  stimulus  has  to  pass  throuAa 
ijistrict  of  diminished  irritability,  which  with  a  very  strong  cumm 
act»  ai  a  block,  being  of  considerable  amount  and  extent,  bat  with  t 
vrcak  current  being  less  considerable  both  in  intensity  and  extent,  onlj 
slightly  affects  the  contraction.  As  the  current  is  stronger  howcTw, 
rei-o very  from  anelectrotonus  is  able  to  produce  a  contraction  as  wdl 
a-  katelc'trotonus;  a  contraction  occurs  both  at  the  make  and  the 
hrc-ak  (*{  the  current.  The  absence  of  contraction  with  a  very  strong 
current  at  the  break  of  the  ascending  current  may  be  explainetl  bvsnp. 
jKr^ing  that  tlie  region  of  fall  in  irritability  at  the  kathode  blocks  the 
stiinuhis  of  the  rise  in  irritability  at  the  anode. 

I'll  Us  we  have  seen  that  two  circumstances  influence  the  effect  of  the 
constant  current  ujwn  a  nerre,  viz.,  the  strength  and  direction  of  the 
current.  It  is  also  necessary  that  the  stimulus  should  be  applied *Krf- 
///>/////  ami  not  gradually,  and  that  the  irrifahilify  of  the  nerve  should  h 
norinnl;  not  increa.<e<l  or  diminished.  Sometimes  (when  the  prepara- 
tion is  ^perially  irritable?)  instead  of  a  simple  contraction  a  tetany 
rxcurs  at  the  make  or  break  of  the  constant  current.  This  is  esjiecially 
liable  to  occur  at  the  break  of  a  strong  ascending  current  which  has 
been  i)assin<;  for  some  time  into  the  preparation;  this  is  called  Rittcr'r 
tetanus,  and  may  be  increased  by  passing  a  current  in  an  opposite  di- 
rection or  stopped  by  passing  a  current  in  the  siime  direction. 

Muscular  and  Nervous  Metabolism. 

The  quest  ion  of  the  metabolism  of  muscle  both  in  a  resting  and  in  an 
active  eundition  has  for  many  years  occupied  the  attention  of  pbvsiuk- 
gists.  It  cannot  be  said  even  now  to  be  thoroughly  understood.  Mo?t 
of  the  fa(?ts  with  reference  to  the  subject  have  been  already  mentioned. 
We  may  shortly  recapitulate  them  here: — First,  muscle  during  rest  ab- 
sorbs oxy;zcn  and  "j^ives  out  carbon  dioxide.  This  has  been  shown  by  an 
analy.^i.s  of  tlie  ^i^ases  of  the  blood  going  to  and  leaving  muscles.  During 
activity,  o.  //.,  during  tetanus,  the  same  interchange  of  gases  takes  plact 
but  the  quantities  of  the  oxygen  absorbed  and  of  the  carbon  dioxide 
given  uj)  are  increased,  and  tlie  proportion  between  them  is  altered  thns:— 


Vcnouft  ni(>o(l. 

O,  le«8  than  Arterial 
Blood. 

CO,,  more  than  Arterial 
Blood. 

Of  rostinjjj  muscle 

0  per  cMit. 

6.71  per  ceDt. 

Of  active  muscle 

12.26  per  cent. 

10.79  per  ceDt. 
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There  is  then  a  greater  proportion  of  carbon  dioxide  produced  in 

SlQBcIe  during  activity  than  during  rest. 

Dnring  rigor  mortis  there  is  also  an  increased  production  of  carbon 

^oxide. 

Second,  muscle  during  rest  produces  nitrogenous  crystallizable  sub- 

■Iwices,  such  as  kreatin,  from  the  metabolism  which  is  constantly  going 

<»ii  in  it  during  life;  in  addition  there  is  in  all  probability  sarcolactic 

Msid  formed  and  other  non-nitrogenous  matters. 

Daring  activity  the  nitrogenous  substances,  sucli  as  kreatin,  undergo 

irery  slight,  if  any,  increase — about  the  amount  produced  during  rest — 

bat  the  sarcolactic  acid  is  distinctly  increased ;  sugar  (whether  glucose 
or  maltose  is  uncertain)  is  also  increased,  whereas  the  glycogen  is  diinin- 
iohed. 

Daring  rigor  mortis  the  sarcolactic  acid  is  also  increased,  and  in  ad- 
dition myosin  is  formed. 

From  these  data  it  is  assumed  that  the  processes  which  take  place  in 
renting  and  active  muscle  are  somewhat  different,  at  any  rate  in  degree. 
From  actively  contracting  muscle,  also,  there  are  obtained  an  increased 
•mount  of  heat  and  mechanical  work,  more  potential  is  converted  into 
kinetic  energy. 

Many  theories  have  been  proposed  to  explain  the  facts  of  muscular 
energy.  It  has  been  suggested  by  Herman  that  muscular  activity  de- 
pends upon  the  splitting  up  and  subsequent  re-formation  of  a  complex 
nitrogenous  body,  called  by  him  Inogen,  When  this  body  so  splits  up 
there  result  from  its  decomposition,  carbon  dioxide,  sarcolactic  acid, 
and  a  gelatino-albuminous  body.  Of  these  the  carbon  dioxide  is  carried 
away  by  the  blood  stream;  the  albuminous  substance  and  possibly  the 
acid,  at  any  rate  in  part,  go  to  re-form  the  inogen.  The  other  materials 
of  which  the  inogen  is  formed  are  supplied  by  the  blood ;  of  these  mate- 
rials we  know  that  some  carbohydrate  substance  and  oxygen  form  a  part. 
The  decomposition,  although  taking  place  in  resting  muscle,  reaches  a 
climax  in  active  muscle,  but  in  that  condition  the  destruction  of  inogen 
largely  exceeds  restoration,  and  so  there  must  be  a  limit  to  muscular 
activity.  But  this  is  not  the  only  change  going  on  in  muscle,  there  are 
others  which  affect  the  nitrogenous  elements  of  the  tissue,  and  from 
them  result  the  nitrogenous  bodies  of  which  kreatin  is  the  chief;  these 
changes  may  be  unusually  large  during  severe  exercise. 

It  has  been  further  suggested  that,  as  myosin  is  undoubtedly  formed 
in  rigor  mortis,  when  the  muscle  becomes  acid  and  gives  off  carbon 
dioxide,  that  myosin  is  also  formed  when  muscle  contracts,  and  that,  in 
other  words,  contraction  is  a  condition  akin  to  partial  death.  The 
electrical  reaction  appears  to  justify  this;  both  contracted  and  dead 
mascle  are  negative  to  living  muscle,  when  at  rest.     What  happens  to 
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the  myosin  which  is  formed  when  moBcle  contracts,  if  this  view  Ije  the 
correct  one,  is  unknown.  Halliburton  suggests  that  the  myosin  vlacb 
can  be  made  to  clot  and  nnclot  easily  enough  outside  the  body,  is  abk 
to  do  the  same  thing  in  the  body.  It  is  possible  that  the  clotting  of 
myosinogen  which  is  supposed  to  occur  during  contraction,  is  not  of  the 
same  intensity  or  extent  as  that  which  occurs  post  mortem.  The  rela- 
tion of  the  hypothetical  inogen  to  the  rest  of  the  muscle-fibre  h  unde- 
termined. It  may  be  that  the  inogen  is  formed  by  the  activity  of  the 
muscle-protoplasm,  and  stored  up  within  itself,  and  that  during  rc-stuf 
nmsc'le  it  is  gradually  used  up,  whereas  in  activity  it  is  suddenly  and 
explosively  decomposed.  In  the  rest  of  the  fibre  the  nitrogenous  meta- 
bolism continues  much  the  same  during  rest  as  dnring  activity. 

Again,  liistologically,  the  question  as  to  which  is  the  contractile  and 
which  is  the  non- contractile  part  of  muscle,  has  been,  as  we  have  Been 
(p.  84  ef  spq.),  a  matter  of  much  controversy. 

As  regards  nervoiis  metaboUsm^  we  have  little  knowledge  of  anything 
except  the  elecjtrical  phenomena  which  have  been  already  considered. 
For  the  maintenance  of  nervous  irritability,  oxygen  is  required;  to  form 
this,  it  has  been  suggested  that  the  nervous  impulse  is  the  result  of 
processes  of  an  oxidative  character,  etc.  The  chief  seat  of  the  metabo- 
lism is  no  doubt  the  axis-cylinder.  The  question  whether  a  nervyos 
impulse  is  possibly  an  electrical  change,  as  has  been  asserted  by  some, 
cannot  be  at  present  settled,  but  if  it  be  so,  at  any  rate  it  differs  essenti- 
ally from  Jill  ordinary  current,  if  in  no  other  respect,  at  any  rate  in  the 
rate  of  truusmissiou. 


CHAPTER  Xn. 

METABOLLSM  OF  THE  TISSUES. 

Glandular  Metabolism. 

It  is  the  fnDction  of  gland  cells  to  produce  by  the  metabolism  of  their 
protoplasm  certain  substances  called  secretions.  These  materials  are  of 
two  kinds;  viz.,  those  which  are  employed  for  the  purpose  of  serving 
•ome  ulterior  office  in  the  economy,  and  those  which  are  discharged  from 
the  body  as  useless  or  injurious.  In  the  former  case,  the  separated 
materials  are  termed  true  secret iofus;  in  the  latter  they  are  termed  excre- 
Hons. 

The  secretions  as  a  rule  coilBist  of  substances  which  do  not  pre-exist 
in  the  same  form  in  the  blood,  but  require  special  cells  and  a  process 
of  elaboration  for  their  formation,  e,g,y  the  liver  cells  for  the  forma- 
tion of  bile,  the  mammary  gland-cells  for  the  formation  of  milk.  The 
excretions,  on  the  other  hand,  commonly  consist  of  substances  which 
exist  ready-formed  in  the  blood,  and  are  merely  abstracted  therefrom. 
If  from  any  cause,  such  as  extensive  disease  or  extirpation  of  an  excre- 
tory organ,  the  separation  of  an  excretion  is  prevented,  and  an  accumu- 
lation of  it  in  the  blood  ensues,  it  frequently  escapes  through  other 
organs,  and  may  be  detected  in  various  fluids  of  the  body.  But  this  is 
never  the  case  with  secretions;  at  least  with  those  that  are  most  elabo- 
rated; for  after  the  removal  of  the  special  organ  by  which  each  of  them 
is  manufactured,  the  secretion  is  no  longer  formed.  Cases  sometimes 
occur  in  which  the  secretion  continues  to  be  formed  by  the  natural 
organ,  but  not  being  able  to  escape  toward  tlie  exterior,  on  account  of 
some  obstruction,  is  re-absorbed  into  the  blood,  and  afterward  discharged 
from  it  by  exudation  in  other  ways;  but  these  are  not  instances  of  true 
vicarious  secretions,  and  must  not  be  so  regarded. 

The  circumstances  of  their  formation,  and  their  final  destination,  are, 
however,  the  only  particulars  in  which  secretions  and  excretions  can  be 
distinguished;  for,  in  general,  the  structure  of  the  parts  engaged  in 
eliminating  excretions  is  as  complex  as  that  of  the  parts  concerned  in  the 
formation  of  secretions.  And  since  the  diflferences  of  the  two  processes 
of  separation,  corresponding  with  those  in  the  several  purposes  and  des- 
tinations of  the  fluids,  are  not  yet  ascertained,  it  will  be  sufficient  to 
speak  in  general  terms  of  the  process. 
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Every  secreting  apparatus  possesses,  as  essential  parts  of  its  structure, 
a  simple  and  almost  textureless  membrane,  named  the  pritnary  or  hai^. 
ment-membrane;  certain  celh;  and  blood-vessels.  These  three  structure 
elements  are  arranged  together  in  various  wajs;  but  all  the  varieties  maj 
l)e  classed  under  one  or  other  of  two  principal  divisions,  namelv,  wew- 
branes  and  [/lands. 

Organs  and  Tissues  of  Secretion. 

The  principal  secreting  organs  are  the  following: — (1)  the  serous  and 
synovial  membranes;  (2)  the  mucous  membranes  with  their  sjvtial 
glands,  e.ff,,  the  buccal,  gastric,  and  intestinal  glands;  (3)  the  salivary 
glands  and  pancreas;  (4)  the  mammary  glands;  (5)  the  liver;  (C)  the 
lachrymal  gland;  (T)  the  kidney  and  skin;  and  (8)  the  testes. 

The  structure  and  functions  of  the  glands  S€?creting  materials  uha]  in 
digestion  we  have  already  considered,  and  they  need  not  detain  us  here. 
The  functions  of  the  kidney  and  skin  have  also  been  dealt  with. 

The  huhrynial  gland  will  be  considered  with  the  rest  of  the  optic 
a})paratu8  and  the  testes  in  the  Chapter  on  Generation.  There  remain. 
thfii,  the  Here  us  and  mucous  membranes  and  the  mammary  glaml  t«.lv 
here  descrihi-d,  and  also  that  part  of  the  secreting  function  of  tlie  liver 
which  is  concerned  with  the  formation  of  glycogen  and  of  urea. 

(1 . )  Serous  and  Synovial  Membranes. — Serous  membranes  are  of 
two  j)rincij)al  kin<ls:  Jsf.  Those  which  line  visceral  cavities, — the  a rarh- 
unitl^  jtrrirardium^  phftrw^  peritoneum,  and  tunicm  raginoles.  ^d.  Tlie 
>f//ioriaI  Wf-nthranrs  lining  the  joints,  and  the  sheaths  of  teiitlons 
and  ligaments,  with  wliich,  also,  are  usually  included  the  sjfnoviid  hursif, 
urlmnup  mttmsip^  v;\\M\{^r  these  be  subcutaneous,  or  situated  benealb 
tend<»ns  and  frlidt*  over  hones. 

The  serous  nienihranes  form  cIowmI  sacs,  and  exist  wherever  the  free 
surfaces  of  viscera  come  into  contact  with  each  other  or  lie  in  cavities 
unattaclicd  to  surrounding  parts.  The  viscera  invested  by  a  serous 
membrane  are,  as  it  were,  pressed  into  the  shut  sac  which  it  forms, 
carrying  before  them  a  })ortion  of  the  membrane,  which  serves  as  their 
investment.  To  tlie  law  tliat  serous  membranes  form  shut  sacs,  there 
is,  ill  tlie  liumaii  suhjeet,  one  exception,  viz. :  the  opening  of  the  Fal- 
lopian tubes  into  tlie  abdominal  cavity, — an  arrangement  which  exists 
ill  man  and  all  Vertebrata,  with  the  exception  of  a  few  fishes. 

The  serous  mem])ranes  are  esj)ecially  distinguished  by  the  characters 
of  the  endothelium  covering  their  free  surface:  it  always  consists  of  ^ 
single  layer  of  polygonal  cells.  The  ground  substance  of  most  serous 
inem])ranes  consists  of  connective- tissue  corpuscles  of  various  forms 
lying  in  the  branching  spaces  which  constitute  the  lymph  canalicvAar 
sunt  em,  and  interwoven  with   bundles  of  white  fibrous  tissue,  and  nu- 
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merons  delicate  elastic  fibrillse,  together  with  blood-vessels,  nervea,  luid 
lymphutics.  In  rehitioTi  to  the  procese  of  tjeeretioii,  the  layer  of  conuec- 
tiTQ  tissneserree  as  a  j^roondwork  for  the  ramificatiou  of  Wood-vessels, 
res,  and  lymphatics.  But  in  itB  iisiuil  form  it  is  absent  in  some  in- 
iceg,  as  in  the  arachnoid  coverino^  the  dura  mater,  and  in  the  interior 
of  the  ventricles  of  the  brain.     The  prirmiry  menibraoe  and  epithelium 
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arc  always  present,  and  are  concerned  in  felie  formation  of  the  Ihiid  by 
which  t!ie  free  surface  of  the  membrane  is  moistened, 

Fitndi(i}u, — The  principai  purpose  of  the  serous  und  synovial  mem- 
branes is  to  furnish  a  smooth,  moist  surface,  to  facilitate  the  movements 
of  the  invested  orgtiu,  imd  to  prevent  the  iujiuioua  6(!ect'>  of  friction. 
This  purpose  is  oiipecially  manifested  in  joints,  in  which  free  and  exten- 
sive movements  take  place;  and  in  the  stomach  and  intestines,  which, 
from  the  varying  quantity  and  movements  of  their  contents,  are  in  al- 
most constant  motion  upon  one  another  and  the  walls  of  the  abdomen. 

Fluid. — The  fluid  secreted  from  the  free  surface  of  the  serous  mem- 
branes is,  in  health,  rarely  more  than  sufficient  to  ensure  the  mainte- 
nance of  their  moisture.  The  opposed  surfaces  of  each  serous  sac  are  at 
every  point  in  contact  with  each  other.  After  death,  a  larger  quantity  of 
fluid  is  usually  found  in  each  serous  sac;  but  this,  if  not  the  product  of 
manifest  disease,  is  probably  such  a^  has  transuded  after  deatli,  or  in 
the  liist  hours  of  life.  An  excess  of  such  fluid  in  any  serous  sac  consti- 
tutes dropsy  of  the  sac. 
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The  fluid  naturally  secreted  by  the  serous  membranes  appears  to  be 
identical,  in  general  and  chemical  characters,  with  very  dilute  liquor 
sanguinis.  It  is  of  a  pale  yellow  or  straw-color,  slightly  viscid,  alkaline, 
and  on  account  of  the  presence  of  albumen,  coagulable  by  heat  This 
similarity  of  the  serous  fluid  to  the  liquid  part  of  blood,  and  to  the  fluid 
with  which  most  animal  tissues  are  moistened,  renders  it  probable  thai 
it  is,  in  great  measure,  separated  by  simple  transudation,  through  the 
walls  of  the  blooil -vessels.  The  probability  is  increased  by  the  fact  that, 
in  jaundice,  the  fluid  in  the  serous  sacs  is,  equally  with  the  serum  of  the 
blood,  colored  with  the  bile.  But  there  is  reason  for  supposing  that  the 
fluid  of  the  wrebral  ventricles  and  of  the  arachnoid  sac  arc  exceptions  to 
this  rule;  for  they  differ  from  the  fluids  of  the  other  serous  sac«  not  only 
in  bein<r  i>elhKi<l,  colorless,  and  of  much  less  specific  gravity,  but  in  that 
they  soMoni  receive  the  tinge  of  bile  when  present  in  the  blood,  and  are 
not  colored  by  madder,  or  other  similar  substances  introduced  abundantly 
into  the  blood. 

It  is  also  probable  that  the  formation  of  synovial  fluid  ia  a  process  of 
more  genuine  and  elaborate  secretion,  by  means  of  the  epithelial  cells  on 
the  surface  of  the  membrane,  and  especially  of  those  which  are  accumu- 
lated on  the  edge  and  processes  of  the  synovial  fringes;  for,  in  its  pecu- 
liar density,  viscidity,  and  abundance  of  albumen,  synovia  differs  alike 
from  the  sc»runi  of  blood  and  from  the  fluid  of  any  of  the  serous  cavities. 

('I.)  Mucous  Membranes. — The  viurous  vtembranes  line  all  those 
pa^s«ages  by  which  internal  parts  communicate  with  the  exterior,  and 
by  which  either  matters  are  eliminated  from  the  body  or  foreign  sub- 
stances taken  into  it.  They  are  soft  and  velvety,  and  extremely  vascu- 
lar. The  external  surfaces  of  mucous  membranes  are  attached  to  various 
other  tissues;  in  the  tongue,  for  example,  to  muscle;  on  cartilaginous 
parts,  to  perichondrium;  in  the  cells  of  the  ethmoid  bone,  in  the 
frontal  and  splicnoidal  sinuses,  as  well  as  in  the  tympanum,  to  perios- 
teum;  in  tlic  intestinal  canal,  it  is  connected  with  a  firm  submucous 
membrane,  which  on  its  exterior  gives  attachment  to  the  fibres  of  the 
muscuhir  coat.  The  mucous  membranes  line  certain  principal  tracts— 
Gnsfrd-imhinninrii  aTid  (iPinto-nrinnry;  the  former  l)eingsubdivide<nnto 
the  /)i(/rsfirr  ami  Rpspirnfnrtf  tracts. 

1.  The  Digestive  tract  commences  in  the  cavity  of  the  mouth,  fmm 
which  prolongations  jmss  into  the  ducts  of  the  salivary  glands.  From 
the  mouth  it  i)asses  through  the  fauces,  pharynx,  and  oesophagus,  to  the 
stomach,  and  is  thence  continued  along  the  whole  tract  of  the  intestinal 
canal  to  the  termination  of  the  rectum,  being  in  its  course  arranged  in 
the  various  folds  and  depressions  already  described,  and  prolonged  into 
the  ducts  of  the  intestinal  glands,  the  pancreas  and  liver,  and  into  the 
irall-bladder. 


METABOLISM    OF  THE   TISSUE8.  403 

The  Respiratory  tract  induces  the  mucoos  membrane  lining  the 

bvity  of  the  nose,  and  the  various  sinuses  communicating  with  it,  the 

clirymal  canal  and  sac,  the  conjunctiva  of  the  eye  and  eyelids,  and  the 

rolongatioii  which  paseea  along  thti  Eustachian  tubes  und  linea  thetym- 

lum  and  the  inner  surface  of  the  membrana  tympani.     Crossing  the 

larynx,  and  lining  that  part  of  it  which  is  above  tlie  soft  palate,  the 

spiratory  trart  leads  into  the  glottis,  whence  it  is  continued,  through 

le   larynx  and  trachea,  t*>  the  bronchi  and   their  divisions,   whicli  it 

ines  as  far  as  the  branches  of  about  -^  of  an  inch  (^  mm.)  in  diameter, 

ad  continuous  with  it  is  a  layer  of  delicate  epithelial  membrane  which 

(tends  into  the  pulmonary  cells. 

3.  The  Gen i to-urinary  tract,  which  lines  the  whole  of  the  urinary  pas- 
B,  from  their  external  orifice  to  the  termination  of  the  tubuli  uriniferi 
\\ii  kidneys,  extends  also  into  the  organs  of  generation  in  both  sexes, 
ad  into  the  duets  of  the  glands  connected  with  them:  and  in  the  female 
[)mes  continuous  with  the  serous  membrane  of  the  abdomen  at  the 
ibriiB  of  the  Fallopian  tubes. 
tSfructure, — These  mucous  tracts,  and  different  portions  of  each  of 
"them,  present  certain  structural  peculiarities,  adapted  to  the  functions 
which  each  part  haa  to  discharge;  yet  in  some  essential  characters  the 
mticous  membrane  is  the  same,  from  whatever  part  it  is  obtaineiL  In 
all  the  principal  and  larger  parts  of  the  several  tracts,  it  presents,  as 
just  remarked,  an  external  layer  of  epithelium,  situated  upon  a  btwemettt 
meftibrane^  and  beneath  this,  a  stratum  of  vascular  tissue  of  variable 
thickness,  containing  lynijihatic  vessels  and  nerves.  The  vascular 
stratum,  together  witJi  the  basement  membrane  and  epithelium,  indiffer- 
ent c-ases,  is  elevated  into  minute  papillas  and  villi,  or  depressed  into 
involutions  in  the  form  of  glantls.  But  in  the  prolongations  of  the 
tracts,  where  they  pass  into  gland-ducts,  these  constituents  are  reduced 
in  the  finest  branches  of  the  ducts  to  the  epithelium,  the  primary  or  base- 
ment-membrane, and  the  capillary  hlood-veaaels  spread  over  the  outer 
■surface  of  the  latter  in  a  single  layer* 
I  The  primary  or  basement  membrane  is  a  thin  transparent  layer,  sim- 
ple, honiogeueous,  or  composed  of  endothelial  cells.  In  the  minuter 
divisions  of  the  mucous  membranes,  and  in  the  ducts  of  glands,  it  is  the 
layer  continuous  and  correspondent  with  this  basement-membrane  that 
forms  the  proper  walls  of  the  tubes.  The  i*ells  also,  which,  lining  the 
larger  and  coarser  mucous  niend>ranes,  constitute  their  epitlicHum,  are 
continuous  witliand  often  similar  to  those  which,  lining  the  gland-ducts, 
are  called  f^hmhreUs,  No  certain  distinction  can  be  drawn  between  the 
epithelium-Lclls  of  mucous  membranes  and  gland -ceils. 

Mucous  Fluid:  Mueun. — From  all  mucous  membranes  there  is  secreted 
either  from  the  surface  or  from  certain  special  glands,  or  from  both,  a 
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more  or  less  viscid,  grayish,  or  semi-trauspareut  fluid,  of  alkaliue  reac- 
tion and  liigh  specific  gravity,  named  mucus.  It  mixes  imperfectly 
with  water,  but,  rapidly  absorbing  liquid,  it  swells  considerably  when 
water  is  added.  Under  the  microscope  it  is  found  to  contain  epiihelium 
an<l  leucocytes.  It  is  found  to  be  made  up,  chemically,  of  mucin, 
which  forms  its  chief  bulk,  of  a  little  albumen,  of  salts  chiefly  chlorides 
and  phosphates,  and  water  with  traces  of  fats  and  extractives. 

Seoretino  Glands. 

The  secreting  glands  present,  amid  manifold  diversities  of  form  and 
composition,  a  general  plan  of  structure;  all  contain,  and  appear  w^n- 
stnicted  with  particular  regard  to  the  arrangement  of  the  cells,  whii:L,ae 
already  expressed,  both  line  their  tubes  or  cavities  as  au  epithelium,  and 
elaborate,  as  secreting  cells,  the  substances  to  be  discharged  from  them. 

Types  of  Secreting  Glands. — Secreting  glands  may  beclassllied  accord- 
ing to  certain  types,  which  are  the  following: — 1.  The  siwph  tnUhr 
gland  (A,  fig.  3t3T),  examples  of  which  are  furnished  b\'  the  follicles  of 
Lieberkuhn,  and  the  tubular  glands  of  the  stomach.  Tliey  are  simple 
tubular  depressions  of  the  mucous  membrane,  the  wall  of  which  is  formed 
of  primary  membrane  and  is  lined  with  secreting  cells  arranged  as  an 
epithelium.  To  the  same  class  may  be  referred  the  elongated  and  t.-r- 
tuous  fiffdnri/eroits  glands. 

)l.  The  romponnd  tubular  glands  (u,  fig.  327)  form  another  diviijioL. 
These  coihsist  of  main  gland-tubes,  whicli  divide  and  su])divide.  Each 
glund  may  be  made  up  of  the  subdivisions  of  one  or  more  main  tubei 
The  ultimate  subdivisions  of  the  tubes  are  generally  highly  couvolutet]. 
They  are  formed  of  a  basement-membrane,  lined  by  epithelium  of 
various  forms.  The  larger  tubes  may  have  an  outside  coating  of  fibroiUN 
areolar,  or  muscular  tissue.  The  kidney^  testes,  salivary  glands,  pan- 
creas, Bnniner's  glands,  with  the  lachrymal  and  imnnmary  glands,  and 
some  nuirofis  gl(ii(ds  are  examples  of  this  type  but  present  more  or  k-as 
ijiarked  variations  among  themselves. 

;3.  The  a(jgn'gateov  racemose  glands,  in  which  a  number  of  vesitlesor 
f/./'/u' are  arranged  in  groups  or  globules  (c,  fig.  327).  The  meibomian 
fullirjcs  are  examples  of  this  kind  of  gland.  There  seem  to  be  glands  of 
mixed  character,  combining  some  of  the  characters  of  the  tubular  with 
others  of  the  racemose  type;  these  are  called  tubiilo- racemose  or  tuhdo- 
acinous  glands.  These  glands  differ  from  each  other  only  in  secondary 
])oints  of  structure:  such  as,  chiefly,  the  arrangement  of  their  excretory 
ducts,  tlie  grouping  of  the  acini  and  lobules,  their  connection  by  areolar 
tissue,  and  sup])ly  of  blood-vessels.  The  acini  commonly  appear  to  be 
f(>rmed  by  a  kind  of  fusion  of  tUe  walU  of  several  vesicles,  which  thus 
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ibine  to  form  one  cavity  lined  or  filled  with  secreting  cells  which  also 
'^poLupy  recesses  from  the  main  cavity.     The  smallest  branches  of  the 

ad-ducts  sometimes  open  into  the  centres  of  these  cavities;  some- 
the  acini  are  clustered  round  the  extremities,  or  by  the  sides  of 
ottie  ducts:  but,  whatever  secondary  arrangement  there  may  be,  all  have 
f  tito  lame  essential  character  of  rounded  groups  of  vesicles  containing 


Flgr.  SS7.— Plans  of  eztensioti  of  sect^tin^  membrane  by  Inversion  or  recession  in  form  of  cav- 
Itfes.  A,  Simple  elands,  tIk.,  g,  straiffht  tube;  h,  «ac;  »\  coiled  tube,  b,  Multilocular  crypts;  ky 
ci  tubular  form ;  i,  saccular,  c.  Racemose,  or  saccular  compound  ^land ;  m,  entire  gland,  show- 
iag  branched  duot  and  lobular  structure;  n.  a  lobule,  detached  with  o,  branch  of  duct  proceed- 
fikgr  from  it    d,  Compound  tubular  gland  (Snarpey). 

gland-cells,  and  opening  by  a  common  central  cavity  into  minute  ducts, 
which  ducts  in  the  large  glands  converge  and  unite  to  form  larger  and 
larger  branches,  and  at  length  by  one  common  trunk  open  on  a  free 
surface  of  membrane. 

Among  these  varieties  of  structure,  all  the  secreting  glands  are  alike 
in  somd  Msential  ]>ointSy  besides  those  which  they  have  in  common  with 
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all  tralj  secreting  stroctarcs.  They  agree  in  presenting  a  large  exteol 
of  secreting  snrface  within  a  comparatively  small  space;  in  the  circuh 
guince  that  while  one  end  of  the  gland-dact  opens  on  a  free  surface,  the 
op|iogite  end  is  always  closed,  having  no  direct  commanication  witk 
blood-veaficLs,  or  any  other  canal;  and  in  a  uniform  arrangement  ci 
capillary  blood-reasels,  ramifying  and  forming  a  network  around  tki 
walLs  and  in  the  interstices  of  the  dncts  and  acini. 

Procejfji  o/Serreiion, — In  secretion  two  distinct  processes  are  conoemei, 
which  may  be  spoken  of  as  Physical  and  Chemical, 

rhyffiral  PrfKe^f^es, — These,  viz.,  {a)  filtration,  (p)  dialysis,  hart 
alrea'ly  been  discnssed. 

Chemical  Procesifets. — The  chemical  processes  constitute  theprocesol 
serreiion^  properly  so  called,  as  distinguished  from  mere  transudatkm. 
spoken  of  above.  In  the  chemical  process  of  secretion  various  mat^iais 
which  do  not  exist  as  such  in  the  blood  are  manufactured  by  the  agency 
of  the  gland-cells  from  the  blood,  or  to  speak  more  accurately,  from  tk 
plasma  which  exudes  from  the  blood  vessels  into  the  interstices  of  the 
gland-textures. 

The  best  evidence  in  favor  of  this  view  is :  1st.  That  cells  and  nndd 
are  constituents  of  all  glands,  however  diverse  their  outer  forms  and  other 
characters,  and  that  they  are  in  all  glands  placed  on  the  surface  or  in 
tlie  cavity  whence  the  secretion  is  poured.  2d.  That  certain  materiali 
of  secretions  are  visible  with  the  microscope  in  the  gland  cells  before 
they  are  discharged.  Thus,  granules  probably  representing  the  fer- 
ments of  the  pancreas  may  be  discerned  in  the  cells  of  that  gland; 
sperinMtozoids  in  the  cells  of  the  tubules  of  the  testicles;  grannies  of 
uric  acid  in  those  of  the  kidneys  (of  fish);  fatty  particles,  like  those  of 
milk,  in  the  cells  of  the  mammary  gland. 

Secreting  colls,  like  the  cells  of  other  organs,  appear  to  develop,  grow, 
and  attain  tlieir  individual  perfection  by  appropriating  nntriment  from 
the  fluid  exuded  by  adjacent  blood-vessels  and  building  it  up,  so  that 
it  shall  form  part  of  their  own  substance.  In  this  perfected  state  the 
cells  subsist  for  some  brief  time,  and  when  that  period  is  over  thej 
appear  to  dissolve,  wholly  or  in  part,  and  yield  their  contents  to  the 
peculiar  material  of  the  secretion.  And  this  appears  to  be  the  casein 
every  part  of  the  gland  that  contains  the  appropriate  gland-cells;  there- 
fore not  in  the  extremities  of  the  ducts  or  in  the  acini  alone,  but  in  great 
part  of  their  length. 

W(;  have  described  elsewhere  the  changes  which  have  been  noticed  from 
actual  experiment  in  the  cells  of  the  salivary  glands,  pancreas,  and  peptic 
ghmds. 

Dificharge  of  secretions  from  glands  may  either  take  place  as  soon  as 
they  are  formed;   or  the  secretion  may  be  long  retained  within  the 
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i^and  or  \i&  ditcta  The  former  is  the  ctise  with  the  sweat  ghmds.  But 
mba  accretions  of  those  glands  whose  activity  of  function  is  only  occii- 
^H^QbI  are  usually  retained  in  the  cells  in  an  undeveloped  form  during 
^Be  periods  of  the  gland ^s  inaction.  And  there  are  glands  which  nre 
^Hke  both  these  claises,  such  as  the  lachrymal,  which  constantly  secrete 
HBnall  portions  of  fluid,  and  on  accasions  of  greater  excitement  discharge 
^  It  more  abundantly. 

^^     When  discharged  into  the  duct^,  the  further  course  of  secretions  is 

I^Pected  (1)  partly  by  the  pressure  from  behind;  the  fresh  quantities  of 

secretion  propelling  those  that  were  formed  before.     In  the  larger  ducts, 

propulsion  is  ("2)  assisted  by  the  contraction  of  their  walls.     All  tbo 

ar  ductji^  such  as  the  ureter  and  common  bile-duct,  possess  in  their 

its  plain  muscular  fibres;  they  contract  when  irritated,'and  sometimes 

in  if  est  peristaltic  movements*     Rhythmic  contractions  in  the  pancreatic 

id    bile-ducts  have  been   observed,  and   also   in  the  ureters  and   vivsa 

Bferentia,     It  is  probable  that  the  contractile  power  extends  along  the 

acts  to  a  considerable  distance  within  the  substance  of  the  glands  whose 

yaocretions  can  be  rapidly  expelled.     Saliva  and  milk,  for  instance,  are 

le times  ejected  witli  much  force. 

Cirrumstanves  inJIueHrhuf  Serrdion, — The  principal  conditions  which 

loence  secretion  are  (1)  variations  in  the  quantity  of  blood,  (2)  varia- 

ions  in  the  quantity  of  the  peculiar  materials  for  any  secretion  that  the 

lood  may  contain,  and  (3)  variations  in  the  condition  of  the  nerves  of 

le  glands. 

(L)  Aft  increme  in  the  quantity  of  blood  iraversinff  a  gland^  as  in 
irly  all  the  instances  before  quoted,  coincides  generally  with  an  aug- 
mentation of  its  secretion.  Thus  the  mucous  membrane  of  the  stomach 
becomes  florid  when,  on  the  introduction  of  food,  its  glands  begin  to 
secrete;  the  mammary  gland  becomes  much  more  viiscular  during  lacta- 
tion; and  all  circumstances  which  give  rise  to  an  increase  in  the  quan- 
tity of  material  secreted  by  an  organ  produce,  coincidently,  an  increased 
snpply  of  blood;  but  we  have  seen  that  a  discbarge  of  saliva  may  occur 
under  extrai^rdinary  circurastanceB,  without  increase  of  blood-supply, 
and  80  it  may  bo  inferred  that  this  condition  of  increased  blood -supply 
is  not  absolutely  essential. 

(2.)  An  increme  in  the  rnnouni  of  ike  materiuU  which  the  glandH  are 
deigned  to  separate  or  ekt borate^  contained  in  the  himd  8 applied  to  them^ 
increases  the  amount  of  any  secretion.  Thus,  when  an  excess  of  nitro- 
genous waste  is  in  the  bloody  whether  from  excessive  exercise  or  from 
destruction  of  one  kidney,  a  healthy  kidney  will  excrete  more  urea  than 
it  did  before. 

(3.)  Influence  of  the  Nertmas  System  on  Secretion. — The  process  of 
secretion  is  largely  infioenced  by  the  condition  of  the  ner¥oua  system. 
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The  exact  mode  in  which  the  influence  is  exliibite<]  must  still  lei^ 
garded  as  somewhat  obscure.  In  part,  it  exerts  its  influence  by  iucr^ng 
or  diminishing  the  quantity  of  blood  supplied  to  the  seeretiug  gla^ 
in  virtue  of  the  power  which  it  exercises  over  the  contractility  of  the 
smaller  blood-vessels;  while  it  also  has  a  more  direct  influence,  as  lu 
described  at  length  in  the  case  of  the  submaxillary  gland,  u]ion  tbe 
secreting  cells  themselves;  this  may  be  culled  trophic  iiifluena;.  Itj 
influence  over  secretion,  as  well  as  over  other  functions  of  the  kdy. 
may  be  excited  by  causes  acting  directly  upon  the  nervous  centri7>,  u]io& 
the  nerves  going  to  the  secreting  organ,  or  upon  the  nerves  of  alwr 
parts.  In  the  latter  case,  a  reflex  action  is  produced :  thus  tiie  iinurvB* 
sion  produced  ujwn  the  nervous  centres  by  the  contact  of  food  in  the 
mouth  is  reflected  upon  the  nerves  supplying  the  salivary  glauds  and 
produces,  through  these,  a  more  abundant  secretion  of  the  salivu. 

Through  the  nerves,  various  conditions  of  the  bruin  also  infliunw  the 
secretions.  Thus,  the  thought  of  food  may  be  sufficient  to  eidte  u 
abundant  flow  of  saliva.  And,  probably,  it  is  the  meutul  state  which 
excites  the  abundant  secretion  of  urine  in  hysterical  paroxysnis,  as  veil 
as  the  perspirations,  and  occasionally  diarrhoea,  which  ensue  under  the 
influence  of  terror,  and  the  tears  excited  by  sorrow  or  excess  of  joy. 
The  quality  of  a  secretion  may  also  be  affected  by  mental  conditions,  as 
in  the  cases  in  which,  through  grief  or  passion,  the  secretion  of  milk  is 
altered,  and  is  sometimes  so  changed  as  to  produce  irritation  iu  the 
alinu'iitary  canal  of  the  child,  or  even  death. 

Rvlaiions  between  the  Secretions, — The  secretions  of  some  of  the  glaiuls 
seem  to  bear  a  certain  relation  or  antagonism  to  each  other,  by  wliiih 
an  incre.u^cd  activity  of  one  is  usually  followed  by  diminishcMl  activity  uf 
one  or  more  of  the  others;  and  a  deranged  condition  of  one  is  apt  to 
entail  a  disordered  state  in  the  others.  Such  relations  ap|>ear  to  exist 
anion*^'  the  various  mucous  membranes;  and  the  close  relation  betwa-n 
the  secretion  of  the  kidney  and  that  of  the  skin  is  a  subject  of  const,-im 
observation. 

The  Mammary  Glands. 

Stnirfid'c. — The  nuinimary  glands  are  composed  of  large  divisions  or 
lobes,  and  these  are  again  divisible  into  lobules — the  lobules  being  com- 
posed of  tlie  convoluted  and  dilated  subdivisions  of  the  main  ducts 
(alveoli)  lield  together  by  coimective  tissue.  The  lobes  and  lobules  too 
are  bound  togetlier  by  areolar  tissue;  penetrating  between  the  lobes  and 
covering  the  general  surface  of  the  gland,  with  the  exception  oi  the 
ni]>plo,  is  a  considerable  quantity  of  yellow  fat,  itself  lobulated  by 
sheaths  and  processes  of  tough  areolar  tissue  (fig.  328)  connected  both 
with  the  skin  in  front  and  the  gland  behind;  the  same  bond  of  connec- 
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extending  also  jfrom  the  under  aiirfiice  of  the  ghmd  to  the  sheatliiug 

mective  tissue  of  the  great  i>octoral  muscle  on  which  it  lies.     The 

diicU  of  the  gland,  lifteen  to  twenty  in  number,  eiilled  the  lad  if- 

or  gnlaciophorous  ducts,  tire  formed   by  the  uuiou  of  the  smaller 

iliir)  bluets,  and  open  by  small  separate  oritices  through  the  nipple* 

the  points  of  junction  of  lobular  duetB  to  form  lactiferous  duct8,  and 

Bi  before  these  enter  the  base  of  the  nipple,  the  ducts  are  dilated  (iig. 


>^^. 


"Flif.  fMH,— BfUdertion  of  Hup  lowor  hulf  of  tin-  fomnle  mmnmft.  fiurfnp  tlie  pvrlnMl  of  Intct^tioti, 
j. — In  tJie  I*.»ft-hiitid  sid**  of  ihe  dij«t*c*t«l  part  i\w  f^lan<lu!rtr  iotifti  arf  i^xim»s*i1  and  TmrtiaUy  un- 
»v**1Uh1  :  ami  cm  tb*'  Hjflit  ham!  WuU\  the  ^Mandular  wtibHl am-*'  has  Iwon  i>mii'vxy*41  t<>  show  the 
i.-M,if  f,f  tin>  .•fiinifH'tive  tisiiiii^  ill  whii^h  thn  j^lauchilttT  1ol)tih'H  ar»'  ]nkwn'<l:  1,  UjH»*rj>art 
r  Filpjl'  :  1',  nn'ola;  ^.  siibriitnnctuiH  mowM'S  of  fat;  t  n'tknihir  liX'uU  of  tlit» 
wlihli  sMjiport  till*  Kiandiilar  Kill nsLaruv  and  i^jd tain  kXh-  fatty  ma.s»('i«;  Tn  oho  of 

,i-  diuLs  Khinwii  pawinK  toward    thr-  uriaiiiilla  when"'  they  o|w*ii;  6,  one  of  the  Hiniis 

I  ur  reservoirs;  T    «ome  *>f  the  j^landular  iDbtiles  wUieh  havi*  beea  uuntiVened;  1\  others 
1  together  (Lusuiika). 


J^8) ;  and,  during  lactation,  the  period  of  active  secretion  by  the  ghiud, 
dilatations  form  reservoirs  for  the  milk,  which  eollecls  in  and  dis- 
snds  them.  The  walls  of  thc>  gland  -ducts  are  formed  of  areolar  wi  th  8i:»ine 
^unatriped  muBctdar  tissue,  and  are  lined  internally  by  short  columnar 
and  near  the  nipple  by  sf|uamoua  epithelium.  The  alveoH  consist  of  a 
rteinhrana  propria  of  flattened  endothelial  cells  lined  by  low  columnar 
lit  helium,  and  are  111  led  with  fat  globulos. 
The  nipple,  which  contains  the  terminations  of  the  laetiferons  dncts, 
IS  composed  also  of  areolar  tis^^ue,  and  contains  nnstrified  muscular  fibres. 
Blood-vessels  are  also  freely  supplied  to  it,  so  as  to  give  it  a  species  of 
erectile  structure.     On  itssurfueeare  very  sensitive  papillte;  and  around 
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it  is  a  small  area  or  areola  of  pink  or  dark-tinted  skin,  on  which  are  to 
be  seen  small  projections  formed  by  minute  secreting  glands. 

Blood-vessels,  nerves,  and  lymphatics  are  plentifully  supplied  to  the 
mammary  glands;  the  calibre  of  the  blood-vessels,  as  well  asthesiiefll 
the  glands,  varying  very  greatly  under  certain  conditions,  especially 
those  of  pregnancy  and  lactation. 

The  alveoli  of  the  glands  during  the  secreting  periods  are  found  to  be 
lined  with  very  short  columnar  cells,  with  nuclei  situated  toward  tie 


Fi^.  829.— Section  of  mammary  ^land  of  bitch,  showing  acini,  lined  with  epithelial  cdboTa 

polyhedral  or  short  columnar  form.    X  200.    (V.  D.  Harria.;  i 

centre.  The  edges  of  the  cells  toward  the  lumen  may  be  irregular  and 
jagged,  and  the  remainder  of  the  alveolus  is  filled  up  with  the  materials 
of  the  milk.  During  the  intervals  between  the  acts  of  discliarge,  tb« 
cells  of  the  alveoli  elongate  toward  the  lumen,  their  nuclei  divide,  and 
in  the  part  of  the  cells  toward  the  lumen  a  collection  of  oil  globules  and 
probably  of  other  materials  takes  place. 

The  next  stage  is  that  the  cells  divide  and  the  part  of  each  toward  the 
lumen  containing  a  nucleus  and  the  materials  of  the  secretion  is,  as  it 
W(^re,  broken  off  from  the  outer  part  and  goes  to  form  the  stdid  parte! 
the  milk.  The  cells  also  secrete,  from  the  blood  supplieil  to  them,  the 
water,  salts,  and  probably  sugar.  In  aildition  to  tlie  actual  casting  off 
parts  of  the  cells  containing  fat  and  the  other  materials,  oil  globules 
appear  to  pass  out  from  the  cells  with  the  other  materials  into  the  lumen 
of  the  alveoli.  The  cast-off  parts  of  the  cells  disintegrate  or  break  down, 
(Hulergoing  a  kind  of  solution  in  the  more  fluid  part  of  the  secretion. 

In  tlie  earlier  davs  of  lactation,  epithehal  cells  partially  transfornieil 
are  discharged  in  the  secretion:  these  are  termed  colostrnm  corpmdti, 
but  later  on  tlie  cells  are  completely  transformed  into  fat  before  tbe 
secretion  is  discharged. 

After  the  end  of  lactation,  the  mamma  gradually  returns  to  its  original 
size  {hivoJufion),  The  acini,  in  the  early  stages  of  involution,  are  lined 
with  cells  in  all  degrees  of  vacuolation.  As  involution  proceeds  the 
acini  diminish  considerably  m  &\2.e.^  «Livd  sit  IfMi^tk.^  instead  of  a  mosaic 
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'lining  epicTieliiil  cells  (twenty  to  thirty  ib  each  Acinus),  we  have  five 

aix  nuclei  (scKiie  with  no  stirroumlitif^  protojihusni)  lyiu^  i«  an  irregii- 

heap  within  the  acinus,     Duririg  the  later  atage*^  of  iuvohitiuu,  large 

griinuJar  cells  are  to  be  seen.     As  the  acini  diminish  in  size,  the 

aeclive    tis^sne  and  fatty  niuLtrr  lietweeu  tbcin  increase,  and  in  some 

liilg,  when  tlie  ghmd  ia  completely  inactive,  it  is  found  to  eonaist  uf 

i  Ihiii  film  of  glandular  tissue  overlying  a  thick  ensliion  of  fat.     Many 

*  the  products  ut  wiiste  are  carried  off  by  the  lyniphatics. 

During  pregnancy  the  mammary  ghinds  undergo  changes  {evoiuHon) 

I'hich  are  readily  observable.     They  eidarge,  become  harder  and  more 

piatinctly  lobulatcd:   the  veins  on  the  surface  become  nmre  proniinerit. 

lie   art^ohi   In^romcis  enlarged   and  dusky,  with  prujeeting  jiapillie;  the 

nipple  too  becomes  more  prominent,  and  milk  can  be  squeezed  from  the 

oriHocis  of  the  ducts.     This  is  a  very  ^^radual  process,  which  commences 

ibout  the  time  of  conception,  and  progresses  steadily  during  the  whole 

iod  of  gestation.     lu  tlie  gland  itself  solid  columns  of  cells  bud  off 

>m  the  old  alveoh  to  form  new  alveoli.     But  these  solid  columns  after 

rhile  are  converted  into  tubes  by  the  central  cells  bectmiing  fatty  and 

sing  discharged  as  the  colostrum  corpuscles  above  mentioned- 

Milk. 

The  mammary  secretion,  or  milk,  is  a  bluish-white,  opaque  fin  id  with 
lileasant,  sweet  tiiste,  of  specific  gravity  of   1U28-1034.     It  is  a  true 


<P^' 


Wig.  880.— Globuleft  and  molocules  of  eow'a  mi  lie.     x  400. 

emulsion.     Under  the  microscope,  it  is  found  to  e<>ntain  a  number  of 

globules  of  various  sizes  (tig.  330),  the  majority  idiout  j^}y^^  of  an  inch 

,"45^  )  in  diameter.     They  are  composed  of  r»ily  nuktter,  probably  coated 

t>y  a  tine  layer  of  albuminous  material,  and  are  called  milk-f/hbules; 

[while,  accompanying  these,  are  nu morons  minute  particles,   both  oily 

[and   albuminons,   which   exhibit  nrdinjiry   mobn-tdar  movcuietits.     Tfie 

milk  which  is  secretetl  in  the  lirst  few  ilays  after  parturition,  called  the 
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cfAo$irnm^  differa  from  ordinary  milk  in  containing  a  larger  quantity  o{ 
solid  matter;  and  under  the  microscope  are  to  be  seen  certain  granohr 
masses  called  colostrum-corpuscles,  already  mentioned. 

dtetniral  ComposiiioH. — In  addition  to  the  oil  existing  in  uumberiei 
little  globules,  coated  with  a  thin  layer  of  albuminous  matter,  floati^ 
in  a  large  quantity  of  water,  milk  contains  certain  proteids^  milk-sHgo 
(lactose),  and  several  varieties  of  saiU  Its  percentage  composition kii 
Ix-en  already  mentioned,  but  may  be  here  repeated.  Its  reactioo  ii 
alkaline. 


Chemical  CoMPOsmoN  op  Milk. 

(Aftei 

'  FoBtPT.) 

Xluman. 

Cow. 

Mare.          Bitch 

Water 90 

Solids           ....               10 

87 
13 

90            76 
10            24 

Fate           ....           2.75 
Proteids        ...                2. 
Su^r        ....           5 
Salts     ....                  .25 

4 
4 

4.4 
.6 

2.           10 
2.5         10 
5              3.r, 
.5 

Constituents  of  Milk. 

(1.)  \V(ffrr. — The  amount  of  water  varies  in  different  animals,  and  in 
the  same  animal  from  lime  to  time.  This  is  seen  from  the  varying  sp^ 
citie  gravity;  that  of  cow's  milk,  on  the  average,  varies  from  10^ to 
1034  in  unskimmed  milk,  and  from  1033  to  1037  in  skimmed  milk. 
Tlie  amount  stn-reted  by  a  woman  is  about  700  to  800  cc,  or  rather  more 
tlian  a  pint,  and  by  a  cow  under  favorable  circumstances  about  0  litres 
a  (lay,  or  about  10  pints. 

(;2.)   l*rnfri(ls. — These  are  of  two  kinds  at  least,  viz.,  camnogen  avA 
Jitrl-n1lni}nin.      Cascinogen  may  be  obtained  from   milk  either  by  the 
addition  of  an  acid,  r.//.,  acetic,  or  by  saturation  with  crv.stallizod  wrs^' 
nesiuni   sulj>liate  or  sodium   chloride  in   the  way  already  indicated  (p. 
lOT.     Its  nature  is  somewhat  uncertain ;  as  before  pointed  out  (p.  11»V) 
it   is  })robably   a  nucleo-albumin,    but    it   in    some    respects    resenii»ie; 
an  alkali   albumin,   and  in  others,  jxirticularly  in  its  undergoing  Glut- 
ting on  the  addition  of  a   ferment,   a  globulin.      The   clotting  of  ca- 
seinogen  is  seen  when  tlie  gastric  ferment  rennin,   or  when   similar  fer- 
ments   from    the  pancreas    or    intestinal    juice    are    added  to  milk;  it 
will  take  plnce  when  the  milk  is   neutral   or    alkaline.      By    the  clot- 
ting,  easeinogen    is    converted    into   a  coagulated    proteid,    ras^in,  and 
a  jiroteid  residue  of  the  nature  of  a  proteose.       Casein    carries  down 
with  it  the  fat  and  the  two  materials  form  cheese. 

Lnrf-a^Honiti  does  not  differ  in  its  reactions  from  sernm-albumin 
(p.  lOG) ;  it  coiigulates  when  milk  is  boiled,  but  this  scum  is  also  partly 
due  to  the  drying  n\>  of  i\\o  e^m\\o^c>ti  cmv  l\\^««Lvface  of  the  milk. 

Xurlci)),  not  exacUy  a\>ToW\v\,Am\.^\\fe^\.»\\,^Y^\s\'eft  \rt^'^^\.\\i.'S3^^ 
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piMMNiiil  derived  from  the  naclei  of  the  parts  of  the  cells  cmi  off  in  the 
v^iiand.  It«  properties  have  been  already  nrentioneil  (p.  IIL) 
(3.)  Fa4s, — The  fatd  of  milk  are  those  iiannlly  found  in  animal  tisBues, 
ri«.,  c^in,  ^eaiin,  and  paJmatin  (p.  111),  There  are  also  others,  es- 
pecially that  of  hntyrie  acid  in  combination  with  glycerine.  JA'eithin 
mnd  ehol€«teriii  and  a  lipochrome  may  also  be  present.  The  fat  split  up 
iiik^  minitte  particles,  which  are  believed  to  be  encased  with  proteid, 
being  lighter  tlian  the  remainder  of  the  eonstitiienta,  risea  to  the  snrface 
when  the  milk  stands,  forming  cream;  and  cream,  when  its  fatty  mole- 
4311  l«e  arr  diveeted  of  their  casing  and  rnn  togetlier,  forms  butter. 

f4,)  Idtdage. — This  sngfar,  the  reactions  of  which  are  mentioned  at 
p,  112,  is  apt  to  undergo  lactic  acid  fermentation  if  the  milk  be  cx]>08ed 
t<»  tha  mir,  from  the  action  of  the  orgnnissed  ferment,  the  baoterinm 
lactift.  When  this  oecnrs  milk  beeomee  sonr  anii  the  caaeinogen  is 
thrown  dnwTi* 

(5.)  Sali», — The  chief  salt  of  milk  is  calcinm  phosphate.  Withont 
1  ti?  presence  casein ogen  cannot  form  casein.  Chloride  of  sodium  i8  ako 
|M\5aent,  and  phosphates  and  chlorides  of  potjii^inm,  nnd  traces  of  iron,  of 
ivolplioi^aiiate  and  of  silica.     The  gases  are  carbon  dioside  and  nitrogen. 

Metabolism  in  the  Liiren 

The  changes  which  take  fdace  iu  the  liver  cells  during  life  result  in 
)  The  Formation  of  Bile,  the  lluid  which  the  liver  contributes  to  the 
live  operations  in  Hic  small  intestine;   \}i)  The  Production  of  (jly- 
and  (r)  The  Formation  of  Urea. 


{(i)    The  Fonnaiion  of  Bile. 


^^L^  The  method  of  the  secretion  of  bile  has  been  discnssed  at  :some  lenirth 
^^BifA  pr^ce<Hng  chapter  (p.  34*.*  et  saj.)^  and  it  will  l>e  only  neixssary  here 
^Bio  epitomise  some  of  the  main  observations  npon  tlie  subject. 
^H        1.  That  bile  is  actually  fornied  in  the  liver  by  the  activity  of  its  cells, 
^Bniice  no  accumulation  of  it  takes  jdace  In  the  blood  when  the  liver  is 
^Bislirpatedf  as  proved  by  experiments  on  frogs  and  birds. 
^^        t.  That  the  coloring  matter  of  bile  is  deriveil  from  and  is  closely  rc- 
lmt«<d  to  that  of  bloixl,  nince  the  <[Uiintity  of  the  bile  pigment  secreted  is 
I       in»rketllr  iDcrcuaetl   by  the  injection  of  snbstances  into  the  veins  which 
I       mre  capabte  of  setting  frcn^  hni'moglobin,  ^.//.,  water,  ether,  chloroform,  or 
bile  nltBi  ar  of  bloo<l  contjiining  free  coloring  matter — bile  pigment 
ay  onder  such  circumstances  appear  in  the  urine*     Certain  drugs  pro 
I  the  mne  effet^ts,  r.//..  tohiylendiamine.     The  substances  connecting 
ibliK»d  and  bile  pigments  are  tlie  fi»llnwing: 
Uiematcjporphyrin  (p.  14J>)  or  iron-free  hiematiti — differs  only  slightly 


1 
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from  bilirubin — ^aiid  ha^matoiiliii  (p.  15U)  found  in  old  blood  extravaaft- 
tion&,  probably  iikmtical  or  at  any  rate  isoiiitjric  with  bilinibin.  Tbc 
inm  wlilrii  18  ubliiiiied  from  the  cleconiixwitiori  of  hienioglobin  is  notably 
retniued  m  the  he|mtit"  rells  prolmlily  cotahiianl  with  &uuu*  organic- sub- 
stance. 

Tlie  blood-coloring  matter  whieh  the  liver  cells  convert  into  h«*nif>- 
gkihin  Is  most  likely  brought  to  them  in  such  a  form  as  to  be  easily 
decomposed  (p.  352), 

3.  That  the  bile  acids  are  also  found  in  the  liver  cells,  but  that  to 
gome  extent  at  any  rate  the  taurin  and  the  glyein  are  brought  to  them 
ready  formed  in  the  blood,  and  that  the  cella  manufacture  the  cholic 
acid. 

4.  That  there  is  no  support  to  the  idea  that  the  bile  is  formed  from 
the  blood  of  tlu>  hej>atic  artery,  and  not  from  that  of  thi.*  [Mirtal  vein 
(p.  350). 


{h)  The  Fonnaiion  of  Qltfcogen  {Olycogenesis), 


I 


The  important  fact  that  the  liver  normally  forms  sugar,  or  asulietatiQe 
readily  convertil)i#  into  it,  wag  discovered  by  Claude  Bernard  in  the  fol- 
lowing way:  he  fed  a  dog  for  seven  days  with  food  containing  a  largi; 
quantity  uf  sugitr  and  starcli;  and,  as  might  be  exixjcted,  fiiund  etigar 
in  both  the  portal  and  hepatic  blood.  But  when  this  dog  was  fed  with 
meat  only,  to  his  surprise,  sugar  was  still  found  in  the  blood  of  the 
hepatic  veins.  Repeated  ex|ieriment8  gave  invariably  the  same  reguU; 
no  sugjtr  beiug  found,  umler  a  meat  diet,  in  the  portal  vein,  if  c4iro  wore 
taken,  by  applying  a  ligature  on  it  at  the  transverse  fissure,  to  prevcttt 
reflux  of  bloorl  from  the  hejiatie  venous  gystem.  Bernanl  found  sugar 
vAm  \\\  the  suhstance  of  the  liver.  It  thus  seemed  certain  that  the  lifer 
formed  sugar,  even  when,  from  the  aljsence  of  siiccharine  and  amyloid 
UKitters  in  the  food,  none  could  be  brought  directly  to  it  from  the  stom* 
at'h  or  intestines, 

Bernard  found,  sul>8equeutly  to  the  before-mentioned  expenments, 
that  a  liver,  reiuovcil  from  the  body,  and  from  which  all  sugar  had  been 
completely  washed  away  by  injecting  a  stream  of  water  through  ill 
blood -veflsols,  after  the  lajise  of  a  few  hours  contained  sugar  in  abun* 
dance*  This  poBt*mnrtem  production  of  sugar  was  a  fact  which  could 
only  be  explained  on  the  supposition  that  the  liver  contained  a  substance 
reailily  convertible  into  sugar;  and  this  theory  was  proved  correct  by  ibt 
disM'overy  of  n  substance  in  the  liver  allied  to  starch,  and  now  genenllj 
termed  tjhjntgrn. 

We  may  believe  that  glycogen  is  first  formed  and  stored  in  the  liter 
cells,  ami  that  the  sugar,  when  j>rescTit,  is  the  result  of  its  transformation. 

Snare  of  (tlt/voi/eu. — Although,  as    before  meutioned,   the  greatest 


J 
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Mooiuit  of  glycogen  is  produced  by  the  liver  upon  a  diet  of  starch  or 

J-  ngar,  a  certain  quantity  is  produced  upon  a  proteid  diet.     The  glyco- 

_.  gen  when  stored  in  the  liver  cells  may  readily  be  demonstrated  in  sec- 

'  tiona  of  liver  containing  it  by  its  reaction  (red  or  port-wine  color)  with« 

^    iodine,  and  moreover,  when  the  hardened  sections  are  so  treated  that 

file  glycogen  is  dissolved  out,  the  protoplasm  of  the  cell  is  so  vacuolat,ed 

m  to  appear  little  more  than  a  framework.     There  is  no  doubt  that  in 

.   the  liver  of  a  hibernating  frog  the  amount  of  glycogen  stored  up  in  the 

outer  parts  of  the  liver  cells  is  very  considerable. 

*   Average  amount  of  Glycogeii  in  the  Liver  of  Dogs  under   Various  Diets 

(Pavy). 

Diet.  Amount  of  Qlycogen  Id  Liver. 

Animal  food 7.19  per  cent. 

Animal  food  with  sugar  (about  ^  lb.  of  sugar  daily)  14.5        ** 

Vegetable  diet  (potatoes,  with  bread  or  barley  meal)         17.23      " 

The  dependence  of  the  formation  of  glycogen  on  the  kind  of  food 
taken  is  also  well  shown  by  the  following  results,  obtained  by  the  same 
experimenter : 

Average  quantity  of  Glycogen  found  in  tlie  Liver  of  Rabbits  after  Fast- 
ing^ and  after  a  diet  of  Starch  and  Sugar  respectively. 

Average  AmouDt  of  UlycogeD  in  Liver. 

After  fasting  for  three  days  .         .         .     Practically  absent, 

diet  of  starch  and  grape-sugar        .         .15.4  per  cent, 
cane-sugar  .         .         .         .     1G.9 

Glycogen  is  also  formed  on  a  gelatin  diet,  but  fats  taken  in  as  food  do 
not  increase  its  amount  in  the  cells.  The  diet  most  favorable  to  the 
production  of  a  large  amount  of  glycogen  is  a  mixed  diet  containing  a 
large  amount  of  carbo-hydrate,  but  with  some  proteid.  Glycerin  injected 
into  the  alimentary  canal  may  also  increase  the  glycogen  of  the  liver. 

Destination  of  Glycogen. — There  are  two  chief  theories  as  to  the  desti- 
nation of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted  into 
sugar  during  life  by  the  agency  of  a  ferment  {liver  diastase)  also  formed 
in  the  liver;  and  that  the  sugar  is  conveyed  away  by  the  blood  of  the 
hepatic  veins,  to  undergo  combustion  in  the  tissues.  (2.)  That  the 
conversion  into  sugar  only  occurs  after  death,  and  that  during  life  no 
sugar  exists  in  healthy  livers;  glycogen  not  undergoing  this  transforma- 
tion. The  chief  arguments  advanced  in  support  of  this  view  are,  {a) 
that  scarcely  a  tr/ice  of  sugar  is  found  in  blood  drawn  during  life  from 
the  right  ventricle,  or  in  blood  collected  from  the  right  side  of  the  heart 
immediately  after  an  animal  has  been  killed;  while  if  the  examination 
be  delayed  for  a  very  short  time  after  death,  sugar  in  abundance  may 
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be  found  in  such  bloofi;  (^),  that  the  liver,  like  the  veuoua  blood  in  the 
heiirf,,  is,  at  tlie  moment  of  tleath,  rnni}iletely  free  from  sugar,  a] though 
afterward  its  tissue  speedily  beeouit'S  Sikcchurine,  unless  the  formation  of 
Bugur  be  prevented  by  boiling,  or  other  means  calculated  to  intcrfvn! 
with  the  siftion  of  a  fennent. 

Instead  of  adopting  the  view  that  normally,  during  life,  glycogen 
actg  as  a  store  of  carlxj-liydrate  material  to  be  converted,  little  by  little, 
inti7  rtugnr  as  ocni^ion  rpcptireB,  and  that  it  passes  as  sugar  into  tlii^  ho- 
putic  vcuous  blood,  to  lie  conveyeil  to  the  tissues  to  Iki  further  dis[iotod 
of,  Pavy  inclines  to  the  lielief  that  it  may  represent  an  intermediate 
stage  in  the  formatit»n  of  fat  from  materials  absorlx^d  from  the  alimen- 
tary ranaL  ^rhero  is  little  evidence  in  favor  of  this  view,  and  although 
it  is  {xjsaiblo  that  the  liver  cells  m»j,  in  some  way  or  other  (not  at  pf^»- 
ent  underatoo*!),  be  able  to  convert  part  of  ita  store  of  glycogen  into  fat, 
the  consensus  of  opinion  inclines  to  the  brlief  that  niost  of  the  glycogen 
leaves  the  liver  as  sugar. 

Indeed,  wherever  gljeogen  is  found,  in  the  muscles,  in  the  plticonta, 
or  elsewliere,  it  must  be  (ooked  upon  as  a  store  of  carbo-hydrate  material 
which  may  he  taken  up  during  the  metabolism  of  the  tissue  and  hnilt  up  in 
its  protoph»8m,  to  l)e  used  tip  only  iudirectly  when  kataVioli^ni  of  the 
prot(>i*husm  takes  place.  Whether  the  glycogen  which  probably  rt^ac*he8 
the  muscles  as  sugar  is  reconverted  into  glycogen  before  it  is  built  tip 
as  it  were  into  the  protoplasmic  molecule  is  not  known. 

Therehttion  of  f/h/rm/eti  to  the  veil  met aMiHiU, — It  is  not  exactly  knovti 
whether  the  glycogen  is  formed  simply  by  a  protx^ss  of  dehydration  of 
the  sugar  which  reaches  the  cells  in  the  portal  blocid,  or  whethi*r 
the  cells  by  their  metalxjlism  are  usually  in  the  habit  of  form- 
ing glycogen  or  sugar  wJiieh,  during  fasting  and  other  similar  conditions, 
is  at  once  discharged  into  the  hepatic  l^loml  to  be  usi^d  tip  by  the  tiasuoa, 
but  which  is  storeiJ  up  in  the  cells  as  glycogen  as  long  an  there  ia  fiu flits 
lent  sugar  in  the  blood  without  it,  or  as  long  as  the  tissues  are  soqnieeeeDt 
as  not  to  require  more  than  a  small  quantity  of  the  total  amount  of 
carbo-hydrate  secreted  by  the  hepatic  cells. 

Glycosuria.^ — Sugar  may  bo  present  not  only  in  the  hepatic  veiiti, 
but  in  the  biotxl  geoerally,  and  when  such  is  the  case,  the  sugar  is  ex- 
rrt^ted  by  the  kidneys,  and  api>ear3  in  variable  rpmntities  in  the  urine. 
Tliis  condition  is  known  ns  glycosuria. 

Influenee  of  the  Nervous  AV/*/rf«.— Glycosuria  may  be  experiment  ally 
produced  hy  puncture  of  the  medulla  obh»ngata  in  the  region  of  the 
raso-motor  centre.  The  better  fed  the  animal  the  larger  is  the  amount 
of  sugar  found  in  the  urine;  in  the  case  of  a  i»tarving  animal  no  sugar 
appears.  It  is,  therefore,  liigbly  probable  that  the  sugar  conu«  from 
the  hejiatic  glycogen,  since  in  the  one  case  glycogen  is  in  cxon»,  and  id 
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Itbm  other  it  is  almost  absent.  The  nature  of  the  influence  is  uncertain. 
&  may  be  exercised  in  dilating  the  hepatic  vessels,  or  possibly  may  be 
ttDBrted  on  the  liver  cells  themselves.  The  whole  course  of  the  nervous 
iMmnlus  cannot  be  traced  to  the  liver,  but,  at  any  rate,  it  is  not  con- 
itected  by  the  vagi  or  by  the  splanchnics,  but  at  first  it  \msses  from  the 
^lomr  part  of  the  floor  of  the  fourth  ventricle  and  medulla  down  the 
fi^nal  cord  as  far  as — in  rabbits — the  fourth  dorsal  vertebra,  and  hence 
^to  the  first  thoracic  ganglion.  The  formation  of  sugar  by  the  liver  is 
bibo  not  a  vaso-dilator  effect,  since  it  will  occur  when  the  vessels  are 
[;«OliBtricted. 

J  Many  other  circumstances  will  cause  glycosuria.  It  hiis  been  observed 
[ilter  the  administration  of  various  drugs — e.(/,,  strychnine  (in  frogs), 
■J^oridzin,  a  glucoside,  and  phloretin,  a  derivative  of  phloridzin,  not  a 
jl^aooside,  morphine,  nitrite  of  amyl,  etc. — after  the  injection  of  urari, 
poisoning  with  carbonic  oxide  gas,  the  inhalation  of  ether,  chloroform, 
etc.,  the  injection  of  oxygenated  blood  into  the  portal  venous  system. 
It  has  been  observed  in  man  after  injuries  to  the  head,  and  in  the  course 
of  Tarious  diseases. 

In  all  such  cases,  at  any  rate,  the  glycosuria  appears  to  be  due  to  some 
abnormal  activity  of  the  liver  cells  themselves  set  up  by  the  direct  action 
of  the  secretory  nerves  upon  them. 

The  well-known  disease,  diahetus  mellitus^  in  which  a  large  quantity  of 
tngar  is  persistently  secreted  daily  with  the  urine,  has,  doubtless,  some 
cloee  relation  to  the  normal  glycogenic  function  of  the  liver;  but  the 
natare  of  the  relationship  is  at  present  quite  unknown. 


{c)   The  Formation  of  Vreu. 

It  is  not  strictly  correct  to  include  the  formation  of  urea  under  the 
head  of  metabolic  changes  in  the  liver,  since  although  as  we  shall  see 
directly  there  is  a  considerable  amount  of  evidence  that  some  of  the  urea 
is  formed  by  means  of  the  liver,  yet  we  cannot  go  so  far  as  to  assert  that 
all  of  the  urinary  solids  or  even  all  of  the  urea  is  produced  by  the  hepatic 
cells.  We  can,  however,  state  with  certainty  that  the  urea  is  not  formed 
in  the  kidney,  since  it  is  not  only  found  in  the  blood  of  the  renal  arte- 
ries, but  may  also  accumulate  to  a  very  harmful  degree  if  the  kidneys  are 
extensively  diseased,  and  the  separation  of  the  urine  is  therefore  inter- 
fered with.  This  is  also  the  case  if  the  kidneys  are  experimentally  re- 
moved from  an  animal.  Thus  it  seems  reasonable  to  assume  that  the 
function  of  the  kidneys,  as  far  as  the  more  important  solid,  the  urea,  is 
concerned,  is  only  one  of  separation.  This  has  already  been  discussed 
under  the  head  of  the  method  of  secretion  of  urine.     It  remains  to  con- 
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eiiler  here  tliii  uticstion  of  the  origin  of  the  urea  which  ib  fonml  in  iirm^ 
blood  and  its  metlitnl  of  form?itiotu 

(L)  Iti  the  tirflt  placi^  there  is  evidence  to  connect  the  formation  d^ 
urea  with  one  if  not  two  of  the  products  of  the  digestion  of  prutei* 
inat^^rials  in  the  alimeutary  canal,  viz,,  hucin  and  i}/ro:fin.  In  treating 
of  the  subject  of  pancreatic  digestion  it  was  shown  that  the  fermeD 
try  pain  has  the  power  of  carrying  the  proteid  digestion  a  step  fnri 
thuTi  the  gastric  ferment  pepsin;  and  that  wlien  the  pancreatic  digesltoc 
is  carried  on  to  its  natural  termination  there  appears  in  ihe  digestion- 
fluid  the  alxivo-named  two  snhstancee,  nitrogenous  and  crystallixablci^^ 
whicii  are  aljscnt  from  the  flnid  in  which  jiepsin  has  acted  as  far  as  i^^ 
can.  They  appear  in  the  majority  of  casc^a  together,  and  altbungh  they 
do  not  belong  to  the  same  series  of  chemical  substances,  yet  they  \ 
in  this,  that  they  are  both  amidatetl  acids,  that  is  to  say,  they  botli  con — 
tain  amidogen.  Nil,;  lencin  being,  as  we  liave  seen,  amido-caproic  acid,^ 
and  tyroain,  aniido-oxy-phenyl-propionic  acid.  It  must  be  eotifesaedE:^-^ 
that  it  is  difhcuH  to  see  how  the  ferment  trypsin  can  of  itself  \mTformM^^M^Mn 
the  long  aericfl  of  changes  which  results  in  t!m  formation  of  those  two 
bodies,  but  the  view  is  very  generally  held  that  it  not  only  prodnc 
peptones  from  albumins,  hut  that  part  of  the  peptones,  callerl  hemipep- 
tone,  is  further  converted  into  the  two  Bubstancea  in  ijuestion. 

Whether  the  conversion  into  leucin  and  tyrosio  is  done  by  the  trypsiii 
itself,  or  by  tiomc  other  ferment,  organized  or  unorganized,  it  is  nn* 
iioubttnl  that  these  eubstances  appear  as  a  result  of  pancreatic  digestion* 
It  should  be  recollected,  however,  that  the  same  bodies  may  arise  outside 
the  body  from  the  splitting  up  of  proteids  by  putrefaction,  t.i*.,  by  the 
action  of  microorganisms,  ami  it  is  possible  that  the  leucin  and  f  vr#wlTi 
of  intestinal  digestion  are  similarly  produced. 

ThG  connection  l^etween  leucin  and  tvrosin  and  urea  then  is  8up(K>M^.i 
to  be  the  following:  the  leucin  and  ty rosin  formed  in  the  iutestiniil 
digestion  are  absorbed  by  the  blood-vessels  and  are  carried  by  the  portal 
vein  into  the  liver.  By  the  action  of  the  hepatic  cells  they,  or  at  nnj 
rate  the  leucin,  is  converted  into  urea,  w^hich  then  is  taken  up  by  the 
hepatic  veins  into  the  ordinary  systematic  circulation,  and  after  a  time 
reaches  the  kidneys  and  is  eliminated  from  the  body. 

This  view  is  based  upon  the  following  facts: — 

(L)  Firstly,  that  if  leucin  be  introduced  into  the  alimentary  canal, 
the  amount  of  urea  in  tlie  urine  is  considerably  increjeeil,  hut  that  kucin 
itself  dues  not  appear;  tlie  same  phenomena  have  been  noticed  if  glycin 
be  administered  instead  of  leucin. 

(2.)  Secondly,  that  in  a  certain  disease  of  the  liver  in  which  the  lirer 
cells  are  rapidly  degenerated  and  lose  their  function,  /,/*.,  acute  yellow 
atrophy,  the  urea  of  the  urine  is  replaced  by  leucin  and  tyrosin. 
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(3.)  And  thirdly*  that  the  liver  is  foiuKl  to  con  tain  i\  considerable 

nount  of  urea,  contrasting  very  markedly  with  other  ghuids  and  with 

le  muscles  of  the  body  in  this  respect.     If  blood  be  passed  through  the 

ur  of  a  recently  killed  animal  the  amount  of  urea  which  it  coutaius  is 

^nnd  to  be  greatly  increuLsed. 

This  evidence  iip|M?ars  to  show  that  urea  is  produced  by  the  liver  cells 
then  in  normal  condition,  and  also  that  leucin,  and  possibly,  but  not  so 
artainly,  ty rosin,  is  one  source  from  which  it  is  formed. 

The  exact  way  in  wliich  the  nrea  is  formed  by  the  liver  cellft  is  not 
iderstood,  but  it  has  been  suggested   that  it  is  done  in  at  lea^t  these 
ro stages,  viz,,  first,  the  reduction  of  the  leticin  into  a  condition  of  am- 
Honia  and  caproic  acid,  and  secondly,  the  building  np  of  the  urea  from 
le  ammonia  thus  obtained.     There  is  reason  for  thus  conchiding  that 
*e  liftr  h  Me  to  construct  urea  from  ammonia  compounds,  since  the 
iminfstration  of  ammonium  salts,  such  as  the  chloride  or  carbonate, 
Ippears  to  increase  the  amount  of  urea  in  tlie  urine  in  a  degree  commen- 
irate  witli   the  amount  of  the  nitrogen  contained  in  the  salt  so  intro- 
duced into  the  body. 

(2.)  The  second  probable  source  of  the  urea  of  the  urine  is  X'rm/r/i. 
lis  substance  is  produced,  as  we  have  before  mentioned,  in  the  ordi* 
jlary  metabolism  of  muscle;  it  is  always  present  in  muscle,  and  sinco 
lie  chief  part  of  the  metabolism  of  the  body  takes  place  in  muscle  it 
jnst  be  exceedingly  probable  that  a  considerable  quantity  of  kreatin  is 
[)rmed  in  the  twenty-four  hours.  Kreatin,  however,  does  not  appear 
the  urine,  and  although  its  closely  itssociatcHl  product,  krcatiuin,  is  a 
lormal  constituent,  yet  the  amount  of  that  body,  less  than  one  gramme 
lin  twenty- four  hours,  is  so  small  as  scarcely  to  represent  the  hirge  amount 
|of  kreatin  which  must  be  formed  in  the  course  of  a  day,  and  which  biia 
Bn  calculated  as  upward  of  100  grms.  (as  muselo  contains  .2  to  .4 
Df  cent  of  the  suljstaoce).  It  is  also  remarkable  that  there  iij  uo  urea, 
scarcely  any,  produced  by  muscular  metabolism,  whereas  urea  is  the 
rgest  solid  constituent  of  the  urine.  It  therefore  seems  almogt  certain 
it  mnscular  kreatin  apt>ears  in  the  urine  as  urea.  This  is  made  more 
likely,  since  kreatin  may  so  eiLsily  be  converted  into  urea  in  the  labor- 
atory; e,^.,  by  boiling  with  baryta  water,  kreatin  is  split  up  into  urea 
and  sarcosin,  thus  CJI.N.O^+IIjO,  CON,n^+C^n,NO,;  again  sarcosin 
is  methyl-glycin,  and  as  we  have  !)efore  pointed  out,  glycin  is  amido- 
acetic  acid,  so  that  it  may  be  supposed  that  the  siircosin  may  also  be 
cx)nverted  into  urea  as  well  as  the  creatin  from  wiiich  it  is  ohtained. 
Kreatin  appears  to  be  a  su]>stanee  which  also  arises  in  nervous  tissue 
during  its  metabolism,  so  that  nervous  tissue  may  be  another  source  of 
urea.  There  is  uo  positive  evidence  as  to*  the  locality  in  the  body  in 
which  the  kreatin  is  formed  into  urea,  yet  it  is  not  unlikely  that  the 
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c'luujgcis  producing  this  binly  iirv  wirrivd  out  more  or  hes  coinplotoly  ia 
the  iiver. 

It  wm  ulwHya  thought  thut  in  addition  to  ihti  two  chief  mmrcm  of 
urea  al)0VD  €x>iisidorod  thoro  might  be  ii  mom  i]iriH.*t  chango  of  exmm  id 
the  prc*k*id  food  matrrijil,  fruni  that  whidi  h  »lworU?iI  into  tbc  {xMrtal 
vuin  aud  hroyght  tu  tiio  livor,  the  prok^id  bi^iTig  split  up  lhi*ni  into  a 
glyuugeu  [uoicty  and  aii  un!]i  moiety;  alid  thiti  may  rually  hu  tlic  r«M.s 
Thero  uppi^iirtj  to  Ijh  inidouhled  evideiieo  that  tho  iulrcKliictioii  ut  jip^- 
teid  into  tho  ulimouttiry  Hitud,  cwn  hi  hiiuiII  iintouttt,  bimiu  inrmi«c<i 
tho  :miouiit  of  tlio  urt*a,  but  although  thu  mothod  of  formatioti  of  aren 
from  leociu  h  udTiiitWtl,  yet  tliere  is  no  very  c*oididt»iit  Wlicf  Miiong 
phvKiohtgiatd  thut  tho  Bcric^  of  ehziugoa  rosuiting  in  tho  foriimttoii  of 
urea  froiu  pniteid  through  thut  subsr-tLnro  is  ii  vory  oxti^nsivo  or  m  vmrj 
gonond  one*  If  it  octnirs  in  tho  way  iiJmvo  Miiggo8ti>d,  it  is  only  aft  allir^ 
ntitivo  oourso  towuni  oxoretioii^  uud  is  only  fi^llc^wod  by  Ihv  pmtotd  fooil 
when  taken  into  tho  body  iu  oxeos8.  Further,  even  when  Bomv  oi  tkm 
peptone  is  further  coriverti!d  into  tho  two  bodies  above  metitiotMcl, 
tho  moiety  of  tho  poptono,  ndled  unli-peptuue,  h  unchanged. 

Another  way  of  uocounting  for  the  undoubted  increujoof  urea  which 
oocui'is  iu  the  urine  ou  tuki ug  proteid  food  has  been  sugg^tod,  vix,,  that  | 
the  pR'seiieo  of  mvh  mat^rial^  iu  the  blood  Htimulatefi  the  nitrog^^ttmit  | 
motabrdiiim  of  tlie  tissues,  cspocially  of  the  nmscles,  in ith  tho  protluctioD 
of  an  extra  amount  of  nitrogenous  waste  material  which  may  be  ooQ?ir(«d  , 
itjto  urea. 

To  8uiniuarizo  what  wo  have  said.  Wo  an?  unable  to  mako  tuny  verj 
dotinito  gtutoiuout  m  to  tlio  motltod  in  whtoh  tho  uroa  is  fnrmodi  and 
altbougli  it  is  probable  tJiat  a  large  anioutit  m  formed  in  the  livvr*  )^i 
there  iB  no  reason  to  think  Uiat  the  whole  of  it  is  formed  them.  It  ha§ 
been  suggested  that  part  may  be  forminl  ol^ where,  f,^.,  in  the  iptMii, 
and  in  ]yn)|thatio  and  other  glands. 

Again,  in  mentioning  tho  postiblo  antuoc^denta  of  uroa^  it  niuti  nol 
be  forgotten  that  nniny  other  Bubgtiipcoa  have  been  suggested  as  ioier- 
mediate  botwi^n  ]>rotoid  aud  urefti  especially  urio  acid*  Trie  acid  may 
be  split  up  mUy  tirea  in  the  lubonitory,  and  from  this  it  w;is  concluded 
that  urea  was  a  further  oxidized  stage  of  uric  aetd  in  the  botly;  bat 
altbougli  this  opinion  is  hold  by  iKjmo  physioians  it  has  U*eii  almost  •«• 
tirely  given  up  by  physiologists.  It  is  dow  rogardetl  as  quite  potsibls 
timt  there  are  several  siuiplor  bodies  forined  in  the  breaking  up  of  the 
protcids  of  the  food  and  of  the  tissues  whiob  give  rise  to  uroa;  yfv  hits 
already  mentioned  ammonium  carbonate,  and  may  add  cyanic  acid  and 
amuioniam  carbamate  to  the  list. 

We  aro  quite  unable  to  explain  how  much,  if  any,  of  the  ursa  rsppt* 
a«nts  the  breaking  down  of  tbs  proteid  food  malarial  suppUsd  lo  tbi 
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which  never  is  built  up  into  the  tissues,  and  how  much  to  the 
^|ciual  breaking  down  of  the  tissue  protopliieiu  itaell,  uor  cuo  we  make 
^BiJ  general  statement  tis  to  the  nature  of  the  auabolic  process  going  on 
^6  the  tissues  beyond  this,  tliut  it  is  a  prueess  impossible  without  a  proteid 
ynppljf  and  increased  up  to  a  certain  pointy  both  in  extent  and  rapidity, 
H^  an  increase  in  that  supply. 

If,  tficu,  the  view  of  the  chemical  nature  of  proteid,  as  mentioned  in 

Oiiupter  liL,  is  correct,  viz.,  tbut  the  nitrogen  in  Jiving  protcids  exists 

in    the   form  of  cyanogen  compounds,   when  proteid  splits  up,   much 

energy  is  set  free>  and  tlie  nitrogen  is  afterward  found  in  some  of  the 

^yunionia  groups. 

^m    Formation  of  Uric  AviiL — Uric  acid  probably  arises  much  in  the 
^wne  way  as  urea.     Tlie  relation  which  uric  acid  and  urea  bear  to  each 
^Kher,  as  we  have  seen,  is  still  obscure.     The  fact  that  they  often  exist 
^pgether  in  the  same  urine,  makes  it  seem  probable  that  they  have  differ- 
ent origins;  but  the  entire  replacement  of  one  by  the  other,  as  of  urea 
b^'  uric  acid  in  the  urine  of  birda,  serpents,  and  many  insects,  and  of 
uric  acid  by  urea,  in  the  nrine  of  the  feline  tribe  of  Mammalia,  shows 
their  close  relationship.     But  although  it  is  true  that  one  molecule  of 
uric  acid  is  caj>able  of  splitting  up  into  two  molecules  of  nrea  and  one 
of  mes-oxalic  acid,  this  is  no  evidence  that  uric  acid  is  an  antecedent  of 
urea  in  the  nitrogen  on  s  metabolism  of  the  body. 

The  intimate  rehitiona  which  exist  between  several  other  of  the  ni- 
trogeuous  extractives  and  uric  acid  will  be  Been  by  a  reference  to  their 
formulae: — 

Hypoxanthin  or  Cam  in CtH<N*0. 

^L  XanthtQ CbHiNiO*. 

■  UricAcul UHiNiOi. 

H      Formation  of  Ilippuric  Acid. — The  source  of  hippnric  acid  is  not  sat- 
■ifactorily  determined;  in  part  it  is  probably  derived  from  some  constit- 
H^ents  of  vegetable  diet,  though  man  has  no  hippnric  acid  in  his  food, 
Hlor^  commonly,  any  benzoic  acid  that  might  be  converted  into  it;  in 
part  from  the  natural  diaiutegration  of  tissues,  independent  of  vegetable 
food,  for  Weismann  constantly  found  an  appreciable  quantity,  even  wdien 
living  on  an  exclusively  animal  diet,     Ilippuric  acid  arises  from  the 
union  of  benzoic  acid  with  glycin    (C,n,NO,  +  C,H,0,  =  C.H.NO, + 
H,0),  which  union  probably  takes  place  in  the  kidneys  themselves.     It  is 
possible  that  the  aromatic  radicle  in  this  reaction  is  obtained  from  the 
splitting  up  of  tyrosin,  which  appears  so  frequently  as  a  result  of  the 
deoompoaition  of  proteid,  the  ammonia  radicle  with  which  it  is  associ- 
ated going  to  form  urea. 

The  source  of  the  extractives  of  the  urine  is  probably  in  chief  part 
metabolism  of  the  nitrogenous  tissues,  but  we  are  unable  to  say  whether 
these  nitrogenous  bodies  are  merely  accidental,  having  resisted  further 
31 
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decomposition  into  urea,  or  whether  they  arc  the  repreaentativeg  o!  il^" 
decomposition  of  gpecial  tissues,  or  of  special  forms  of  melabolisa  4 
the  tissues.     There  is,  however,  one  exception,  and  that  is  in  the  a 
of  kreatinin;   it  has  been  suggested  that  this  represents  the  krmi^ 
which  enters  the  body  in  ordinary  flesh  food. 

Metabolism  io  the  Vascular  Glands. 

In  addition  to  the  various  glands. the  gtructnre  and  functions  of  vbi.  r 
have  becm  considered  in  the  preceding  chapters,  and  which  hate  K^l 
shown  either  to  secrete  from  the  blood  materials  of  use  in  digestioii  r 
to  excrete  from  the  blood  materials  of  no  further  use  in  the  eoinonij,  i 
tliere  are  others  which  Imve  not  to  do  with  Rocretinn  or  excretioL,  at  si! 
events  directly.  These  are  called  Vascular  glands,  and  cotnpriit  I. 
Spleen,  the  Tht/mNs^  the  Ton.^iLH^  and  the  Solitary  atid  Afftn i noted ghr 
of  Peyer  in  the  intestine,  all  of  which  are  made  up  chiefly  of  lymphni 
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Fig.  SSL— Section  tif  injected  flo^«^*»  sitiwn;  r,  capsule;  tr,  trab«cul4P;  m,  two  Iff^TrltMir 
Dpdtfs  with  numerous  Bnmll  an^^rifft  anil  capillaries;  a,  arteo  <  '*  lymphoid  tiaBue.  coodMOiK «C 
cloaely-paclccid  lymphoicl  cells  sunportwl  bv  very  delicate  retlform  tissue;  a  light  ssAotUBBe* 
fupied  6/  oellB  1«  seen  all  round  the  trabecule,  which  correspoacli  to  the  * '  Ijmph  path^n  IjBh  , 

tisBtie,  resembling  lymphatic  glands,  and  which  are  evidently  closely  / 
connected  with  the  lymphatic  gysteni;  the  Svpra-rmal  cupsuU^  Of  Air] 
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the  Thyrmd;  the  Fimal  and  PUuiiary  glands  and  the  Carotid 
id  Cotrtjijenl  (jlamls  about  of  ull  of  which  very  little  is  known. 

The  Spleen  is  the  largest  of  theses  so-called  vascular  glands;  it  is 

lated  to  the  left  of  the  stomach,  between  it  and  the  diaphragm.     It 

of  a  deep  red  color,  of  a  variable  shape,  f^eiierally  oval,  somewhat 

ttncavo-convex.     Vessels  euter  and  lea^e  the  gland  at  the  inner  side  or 

lias. 

Struciure. — The  spleen  is  covered  externally  almost  completely %y  a 
»ad  coat  derived  from  the  jieritoneum,  while  within  this  is  the  proper 


Itg.  338. — ^Retictiliim  of  the  spleeo  of  &  cat«  sbowa  by  iDjectloti  with  geLatlne.    (CAdlLfit.) 

5U8  coat  or  capsule  of  the  organ.     The  latter,  composed  of  connectiYe 
ae,  with  a  large  preponderance  of  elastic  fibres,  and  a  certain  propor- 
|ioQ  of  nnstriated  nmseular  tissue,  forms  the  immediate  investment  of 
be  spleen.     Prolonged  from  its  inner  fiurfa^^e  are  fibrous  processes  or 
iaheculWy  containing  much  unstriated  muscle,  whicli  euter  the  interior 
the  organ,  and,  dividing  and  anastomosiiig  in  all  parts,  form  a  kind 
supporting  framework  or  stroma^  in  the  interstices  of  which  the 
>per  substance  of  the  spleen  (sple^n-ptilp)  is  contained  (fig.  332).     At 
lie  hilua  of  the  spleen,  the  blood-vessels,  nerves,  and  lymphatics  enter, 
ad  the  fibrons  coat  is  prolonged  into  the  spleen-substance  in  the  form 
investing  sheaths  for  the  arteries  and  veins,  which  sheaths  again  are 
[>iitinuous  with  the  trabecule  before  referred  to. 

The  spieen-pulp^  which  is  of  a  dark  red  or  reddish -brown  color,  is 
:)iD posed  chiefly  of  cells,  imbedded  in  a  matrix  of  fibres  formed  of  the 
inching  of  large  flattened  nucleated  endotheloid  cells.     The  spaces  of 
lie  network  only  partially  occupied  by  cells  form  a  freely  communicat- 
ag  system.     Of  the  colls  some  are  granular  corpuscles  resembling  the 
iph- corpuscles,  more  or  less  connected  with  the  cells  of  the  meahwork, 
)th   in   generjd  appearance  and  in  Ijeing  able  tQ  perform   amoeboid 
aovements;    others  are  red  blood-corpnscles  of  normal  appearance  or 
riously  changed ;  while  there  are  also  large  cells  contjiining  either  a 
ligment  allied  to  the  coloring  matter  of  the  blood,  or  rounded  corpuscles 
like  red  corpuscles. 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  surface, 
divides  and  subdivides,  with  but  little  anastomosis  between  its  branches; 


k. 


484 


UAXDliOOK    OF    PilVillULOOY* 


at  the  same  time  its  branches  are  sheathed  by  the  prolongation: 
fibrous  coat,  which  they,  so  to  speiik,  carry  into  the  spleen  witU 
The  arteries  send  off  branches  into  the  epleen-pulp  which  end  in 
laries,  and  these  either  communicate,  as  in  other  parts  of  the  1    ' 
the  radicles  of  the  veins,  or  end  in  liieunar  gpaced  in  the  5j 
from  which  veins  arise. 

The  wallsof  the smalJer  veins  are  more  or  less  incomplete^  aim  r- 
allow  lymphoid  corpuscles  to  be  swept  into   the  blood-curreiiL     J 
blood  from  the  arterial  capillaries  is  emptied  into  a  system  of  inur: 
diatc  passages,  which  are  directly  bounded  by  the  ceil        ^  ^ 
network  of  the  pulp,  and  from  which  the  smallest  v» 
their  cribriform  walls  take  origin.     The  veins  are  large  and  ciistcnQfak 
the  whole  tissue  of  the  spleen  is  highly  vascular  and  becomes  mi3f 


r 
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Fig,  an.— SeotJon  of  Bpleen  of  cat,     a.  a\  Malplfichtaii  corptMcle«,  in  case  of  a\  la 
with  small  artery,  b;  b,  b\  small  arteries;  c,  a«M:tioa  of  txubeculflB. 

engorged  with  b!oo<J:  the  amount  of  distention  is,  however,  limited  by 
the  fibrous  and  muscular  tissue  of  its  capsule  and  trabeculie,  which  fonns 
an  investment  and  support  for  the  puJpy  mass  within. 

On  the  face  of  a  section  of  the  spleen  can  be  usually  seen  readily  ^itb 
the  naked  eye,  mimite,  scattered  rounded  or  oval  whitish  spots,  moetlj 
from  i}j^  to  ^  inch  (|  to  |  mm.)  in  diameter.  These  are  the  Mdl^- 
ghian  corpmcles  of  the  spleen,  and  are  situated  on  the  sheaths  of  the 
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Ikiute  splenic  arteries,  of  which,  indeed,  they  may  be  said  to  be  out- 
t'  ^  (tig.  333),  For  while  the  sheaths  of  the  larger  arteries  are  eon- 
i  of  ordinary  connective  tis^sue,  thii^  has  l>ecome  modi  tied  where  it 
[IS  an  investment  for  the  smaller  vessels,  so  n&  to  be  composed  of 
jenoid  tissue,  witli  abundance  of  corpuscles,  like  lymph-corpuscles, 
miained  in  its  meshes,  and  the  Mulpighian  corpuscles  are  but  small 
llgToi»"ths  of  this  cyimjeuoHS  or  oell-bearing^  connective  tissue.  They 
composed  of  cylindrical  masses  of  corpuscles,  intersected  in  all  parts 
a  delicate  fibrillar  tissue,  which,  though  it  invests  the  Malpighian 
lies,  does  not  form  a  complete  capsule.  Blood-capillaries  traverse  the 
Ipighian  corpuscles  and  form  a  plexus  in  tlicir  interior.  Theetruc- 
I  of  a  Malpighian  corpuscle  of  the  spleen  is,  tliereforej  very  similar  to 
of  lyniphatic-ghind  substance. 
Punction-s, — With  respect  to  the  ofllceof  the  spleen,  we  have  the  fol- 
ig  data:  (1.)  The  large  size  wliich  it  gradually  acquires  toward 
ie  termination  of  the  digestive  process,  and  the  great  increase  observed 
5ut  this  period  in  the  amount  of  the  finely-granular  albuminous 
plasma  within  its  parenchyma,  and  the  subsequent  gradual  decrease  of 
lis  material,  seem  to  indicate  that  this  organ  is  concerned  in  storing  up 
ome  of  the  changed  and  absorbed  proteid  food,  to  be  gradually  intro- 
Inced  into  the  blood,  according  to  the  demands  of  the  general  system. 
(2.)  It  seems  probable  that  the  sjileen,  like  the  lymphatic  glands,  is 
igaged  in  the  formation  of  bhod-corpUM'ks.  For  it  is  quite  certain, 
bat  the  blood  of  the  splenic  vein  contains  an  unusually  large  amount 
p£  white  corpuscles;  and  in  the  disease  termed  lencocythsemia,  in  which 
de  pale  cori>u8cles  of  the  hlood  are  remarkably  increiised  in  nimiber, 
liere  is  almost  always  found  an  hy pert rophied  state  of  the  spleen  or  of 
the  lymphatic  glands.  In  Kolliker's  opinion,  the  development  of  color- 
I  and  als<:>  colored  corpuscles  of  the  blood  is  one  of  the  essential  func- 
lons  of  the  spleen,  into  the  veins  of  which  the  new-formed  corpuscles 
and  are  thus  conveyed  into  the  general  current  of  the  circulation. 
(3*)  There  is  reason  to  believe,  that  in  the  spleen  many  of  the  red 
orpuscles  of  the  blood,  those  probably  which  have  discharged  their 
iflSce  and  are  worn  out,  nndergo  dmntegraiion;  for  in  the  colored  por- 
tions of  the  spleen- pulp  an  alnindance  of  such  corpuscles,  in  various 
Stages  of  degeneration,  are  found,  while  the  red  corpuscles  in  the  splenic 
renous  blood  are  said  to  be  relatively  diminished.  Th is  process  appears  to 
'be  as  follows:  The  hlood -corpuscles,  becoming  smaller  and  darker,  collect 
together  in  round ii^li  heaps,  which  may  remain  in  this  condition,  or 
become  each  surrounded  by  a  cell-walh  The  cells  thus  produced  may 
contain  from  one  to  twenty  blood-corpuscles  in  their  interior.  These 
corpuscles  become  snialler  and  smaller;  exchange  their  red  for  a  golden 
yellow,  brown,  or  black  color ;  and  at  length  are  converted  into  pigment- 
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graaulea,  which  by  degrees  become  paler  and  paler,  until  all  color  is  loeU 
The  corpuscles  undergo  tbe^e  changes  wliether  the  heaps  of  tht?m  mo 
enveloped  by  a  cell-wall  or  not;  some  pigment  is  also  to  be  found  io  tb^ 
cell  of  the  reticulum,  j 

(4.)  From  the  almost  constant  presence  of  uric  acid,  in  larger  qiiat»  — 
titles  than  in  otber  organs,  as  well  as  of  the  nitrogenous  bodies,  xiiDthir^  ^       i 
hypoxanthin,  and  leucin,  in  the  spleen,  some  special  niirogmwus  nutt^  ^ 
Mimn  may  be  fairly  inferred  to  occur  in  it     One  of  the  feature?  of  tU  <^. 
chemical  composition  of  the  spleen  is  tlie  presence  of  a  B]>eoial  proteit^  ,       i 
of  the  nature  of  alkalt-albumin,   containing  iron.     The  salts  of  tl^^  ^i^^l 
spleen  consist  chiefly  of  sodium  phosphates.  ^^ 

(5.)  Besides  these,  its  supposed  direct  offices,  the  spleen  is  beliered 
fulfil  some  purpose  in  regard  to  the  portal  circulation,  with  which  it 
in  close  connection.     From  the  readiness  with  which  it  admits  of  bein 
distended,  and  from  the  fact  that  it  is  generally  small  while  gaestf 
digestion  is  going  on,  and  enlarges  when  that  act  is  concluded,  it  is  su3^>* 
posed  to  act  as  a  kind  of  vascular  reservnir,  or  diTerticuhim  to  the  port     ^aff^ 
system,  or  more  particularly  to  the  vessels  of  the  stomach.     That  it  mi 
serve  such  a  purpose  is  also  made  probable  by  the  enlargement  which 
undergoes  in  certain  affect  ions  of  the  heart  and  liver,  attended  with  ol 
struction  to  the  passage  of  blood  through  the  latter  organ,  and  by  i 
diminution  when  the  congestion  of  the  portal  system  is  relieved 
discharges  from  the  bowels,  or  hy  the  effusion  of  blood  into  the  stomacb^^^* 
This  mechanical  influence  on  the  circulation,  however,  can  hardly  1 
supposed  to  be  more  than  a  very  sulwrdinate  function. 

The  spleen  may  be  removed  without  any  obvious  ill  effect. 

Influence  of  the  ferrous  St/stein  upon  Ihf  Spleen, — When  the  spleen  i^ 
enlarged  after  digestion,  its  enlargement  is  probably  due  to  two  caas 
(1)  a  relaxation  of  the  must^ular  tissue  which  forms  so  large  a  part  oC^  ^^ 
its  framework;  (*^)  a  dilatation  of  the  vessels.     Both  these  phenomens^^  * 
are  doubtless  under  control  of  the  nervous  system.     It  ha£  been  foumc^^* 
by  experiment  that  when  the  splenic  nerves  are  cut  the  spleen  enbir 
and  that  contraction  can  be  brought  about  (1)  by  stimulation  ui 
spinal  cord  (or  of  the  divided  nerves);  (2)  reflexly  hy  stimulation  of  tin 
central  stumps  of  certain  divided  nerves,  e.g.^  vagus  and  sciatic;  (3)  \o 
local  stimulation  by  an  electric  current ;  (4)  the  exhibition  of  quinine  an*. 
BCnie  other  drugs.     It  has  been  shown  hy  the  oncometer  of  Roy  (fig,  294)f9-9i* 
that  the  spleen  undergoes  rhythmical  contractions  and  dilataitions, 
no  doubt  to  the  contraction  and  relaxation  of  the  muscular  tissne  -i         ^ 
capsule  and  trabeculse.     It  also  shows  the  rhythmical  alteration  of  ih^^ 
general  blood  pressure,  hut  to  a  less  extent  than  the  kidney. 

The  Thymus. — This  gland  must  be  looked  ujwn  as  a  temporary 
organ,  aa  it  attains  ita  greatest  size  early  after  birth,  and  after  tb^ 
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year  gradually  diminishes,  until  in  adult  life  hardly  a  vestige 

ins*     At  its  greatest  development  it  ia  a  long,  narrow  body,  situated 

the  front  of  the  chest  behind  the  sternum  and  partly  in  the  lower  part 

the  neck.     It  is  of  a  reddish  or  grayish  color,  distinctly  lobulated, 

Siruciure, — The  gland  is  surrounded  by  a  fibrous  capsule,  which  sends 

processes,  forming  trabecular,  which  divide  the  glands  into  lobes,  and 

y  the  blood  and  lymph -vessels.     The  large  trabecule  branch  into 

lall  ones,  which  divide  the  lobes  into  lobules.     The  lobules  are  further 

ibdivided  into  follicles  by  fine  connective  tissue.     A  follicle  (fig.  330) 

seen  on  section  to  he  more  or  less  polyhedral  in  shape,  and  consists  of 
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Fi^.  385. 

Flj^.  S34.  — Timun«rae  flection  of  a  lobule  of  an  injected  Infantile  thyinus  jEi:land.  n,  Capsule 
coonectlre-tiasue  eurrounding  th«  lobule;  b,  membrane  of  the  glandular  veHlule«;  c.  c&vky  of 
»  lobule,  from  which  the  larger  blixKl-vessi^lg  are  seen  to  exiebd  toward  and  ramify  in  the 
lerQidal  niasfses  of  the  lobule,    X  80.     <TC«llllker.  > 

rig.  S35.  — Thymuti  of  a  calf,  a.  Cortex  of  follicle;  b^  medalta;  c,  iDterfolllculAr  tlnue, 
«Difl6d  about  twelve  ttmeo.    (Watney j 

3rtical  and  medullary  portions,  both  of  which  are  composed  of  adenoid 
tissue,  but  in  the  medullary  portion  the  matrix  is  coarser,  and  is  not  so 
Fftlled  up  with  lymphoid  corpuscles  as  in  the  cortex.  The  adenoid  tissue 
lof  the  cortex,  and  to  a  less  marked  extent  that  of  the  medulla,  consists 
{of  the  two  elements,  one  with  small  meshes  formed  of  fine  fibres  with 
^thickened  nodal  points,  and  the  other  enclosed  within  the  first,  com- 
posed of  branched  connective- tissue  corpuscles  (Watney),  Scattered  in 
the  adenoid  tissue  of  the  medulla  are  the  concentric  corpuscles  of  Hassfdh 
which  are  protoplasmic  masses  of  various  sizes,  consisting  of  a  nncleatad 
granular  centre,  surrounded  by  flattened  nucleated  endothelial  cells. 
In  the  reticulum,  especially  of  the  medulla,  are  large  transparent  giant 
cells.     In  the  thymus  of  the  dog  and  of  other  animals  are  to  be  found 
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cysts,  probably  derived  from  the  concentric  corpuscles,  some  of  w\^ 
are  lined  with  ciliuted  epithelium,  and  others  with  short  columiiari 
Haemoglobin  is  found  in  the  thymus  of  all  unimaLSf  either  in  theae 
or  in  cells  near  to  or  of  the  concentric  corpuscles.      Iii  the  lyniphij 
from  the  thymus  are  cells   containing    colored    blood-eorpUBcles 
hsemoglohin  granules,  and  in  the  lymjihatics  of  the  thymus  Iher^  u^ 
more  colorless  cells  than  in  the  lymphatics  of  the  neck.     In  the  blood  nl 
the   thymic  vein,  there  ajipears   sometimesi  to   be  an   increa> 
colorless  corpuscles,  and  also  masses  of  granular  matter  (cor [ 
Zimmermann)    (Watney).     The  arteries  radiate  from  the  ceiK 
gland.     Lymph  sinuses  may  be  seen  occasionally  eurroundiiig 
or  smaller  portion  of  the  periphery  of  the  follicles  (Klein) ♦     T 
are  very  minute. 

From  the  thymus  various  substances  may  be  extracted,  many  of  thpin 
similar  to  those  obtained  from  the  spleen,  e,g,^  xanthin,  hypoiaDthiii, 


Fig.  886. 


Fig,  JBT, 


Fi|r.  836.-  Fmnn  a  UorizotitA)  i«»ctii>D  tlirough  suiMe^rflcfA]  part  of  the  thymus  of  a  calf,  fl\s^f 
nia^rniJltHj.  Hbi>wJuK  in  th**  «_vntr».*  a  follicle  of  polygoaal  shape  with  almiUrlv  shuprd  follkks 
routuHt.     (Kli-lnmi<!  Noble  Smith, »  ' 

Fif?,  337- -The  reticuliim  of  the  Thymus,  m,  Bpitheral  elementB:  6,  ooirpuscles  of  EnntL 
CCadiAt.} 

and  leucin,  as  well  as  a  certain  proteid  body  of  the  nature  of  globulin  (oefl- 
globulin),  which  on  injection  into  the  veins  of  an  animal  produces  iutn^ 
vascular  clotting. 

FiintiiofK-^The  thymus  appears  to  take  part  in  producing  colored 
corpuscles,  both  from  tlie  large  corpuscles  containing  haemoglobin,  mi 
also  indirectly  from  the  colorless  corpuscles  (Watney)* 

Rcvspucting  the  thymus  gland  in  the  hybernating  animals,  in  which  it 
exists  throughout  life^as  each  successive  pericjd  of  hybernation  approachei» 
the  thymus  greatly  enlarges  ami  becomes  laden  with  fat,  which  accumulates 
in  it  and  in  fat  glands  connected  with  it,  in  even  larger  proportions  tlifln 
it  does  in  the  ordinary  seats  of  adipose  ti&suc.  Hence  it  appears  to 
serve  for  the  storing  up  of  materials?  which,  being  re*absorbod  in  inactivity 
of  the  hybernating  period,  may  maintain  the  respiration  and  the  tem< 
perature  of  the  body  in  the  rodnced  state  to  which  they  fall  during  that 
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Itne.     It  has  been  shown  alao  to  be  a  source  of  the  red  hlood-corpuacles, 

rany  rule  in  curly  life. 
The  Thyroid.— The  thyroid  gland  is  situated  in  the  neck.     It  con- 
nsts  of  two  lobes,  one  on  each  side  of  the  trachea,  extending  upward  to 
khe  thyroid  cartilage,  covering  its  inferior  cornu  and  part  of  its  body; 

aese  loE)efi  are  connected  across  the  middle  line  by  a  njiddle  lobe  or 
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Ylfr.838.  —Part  of  a  secttoti  of  Ihp  hiimAn  tliyrold.  a,  Fibronai  c^tps^ule ;  fc,  tb^ToId  vehicles  tilled 
■with,  «,  colloid  RUbNtanco;  r,  KUi)]WjrtiD>r  flbroiis  tismjt*;  tl.  shorri^oluninart'ells  Itnin^riresiclps; /» 
■iftrieries;  g^  veins  filled  with  blcKHl;  ft,  lymphatic  veasel  filled  with  colloid  lstl^>atanl'^^     >    (S,  K, 

isthmns.     The  thyroid  is  covered  by  the  muHcles  of  the  neck.     It  is 
highly  vascular,  and  varies  in  size  in  dilTercnt  individuals, 

Sirudure^. — The  gland  incased  in  a  thin  transparent  layer  of  dense 
areolar  tissue,  free  from  fat,  containing  clastic  tibrcs.  This  capsule  sends 
in  strong  hbrons  trabecuht,  which  inclose  the  thyroid  vehicles — which  are 
rounded  or  oblong  irregular  sacs,  consist ing  of  a  wall  of  thin  hyaline 
membrauo  lined  by  a  single  layer  of  short  cylindrical  or  cubical  cells. 
These  vesicles  are  filled  with  a  coagulafjlc  iluid  or  transparent  colloid 
materiuL  The  colloid  substance  increases  with  age,  and  the  cavities 
appear  to  coalesce.  In  the  interstitial  connective  tissue  is  a  round 
meshed  capillary  plexus,  and  a  large  number  of  lymphatics.  The  nerves 
B  adhere  closely  to  the  Ttissels. 
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Ill  the  Yesicles  there  are  in  addition  to  the  yellowish  glaasy  colloid 
matisrial,  epithelium  cells,  colorless  blood-corpuscles,  and  also  colowd 
corpuscles  undergoing  diBintegration. 

Funciicn. — There  is  little  known  definitely  abont  the  fnnction  of  liij 
thyroid  body.  It,  however,  produces  colloid  material  of  tlie  Teiick, 
which  is  carried  off  by  the  lymphatics  and  discharged  into  the  bkod, 
and  so  may  contribute  its  share  to  the  elaboration  of  that  fluid.  Tie 
destruction  of  red  blood-corpuscles  is  also  supposed  to  go  on  in  the  glmi 
In  certain  animals  its  removal  appears  to  produce  a  peculiar  coDdiitdn 
in  which  mucin  is  deposited  in  its  tissues.  A  similar  coDtlition, 
known  as  Myxcedema,  and  Cretinism  are  closely  associated  with  dlstm 
or  removal  of  the  tbyroid  gland  in  the  human  subject.  In  oertiiu 
animals,  too,  peculiar  nervous  symptoms,  such  as  twitchings,  tremorv 
or  convulsions  have  been  noticed  after  the  most  careful  removal  of  th« 
gland,  with  more  or  less  paralysis  or  inco-ordination. 

The  Supra-renal  Capsules  or  Adrenals*^ — These  are  twoftatkned, 
more  or  less  triangular  or  cocked-hat  shaped  bodies,  resting  by  iheir 
lower  border  ujKjfi  the  upper  border  of  the  kidneys. 

Strnciure. — The  gland  is  surrounded  by  an  outer  sheath  of  conne<:tiTg 
tissue,  which  sometimes  consists  of  two  layerS|  sending  in  exceeding]) 
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Fig.  SSD.^Vertlcal  snjctlou  thrcruifh  part  of  th»*  cortical  portion  of  Bupra-reiul  of 
a.  Capsule;  fr.  t^m&  ii^looierulosa ;  c,  zona  fiiscicutai^:  <L  cntinectivetiEauesupportlM' 
of  Um  oellfl  or  thi?  latt«r,  a.Dd  aUo  indlcatiDg  the  po»it  Joqk  of  the  blood-vessels,    x   (», 

fine  prolongations  forming  the  framework  of  the  gland.  The  gland 
ti(5sue  proper  consists  of  au  outside  tirmer  cortical  portion,  and  an  inside 
soft  da»'  'iry  portion. 
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[(!-)  The  cortical  portion  is  divided  into  (fig,  339)  an  external  nar- 
layer  of  small  rounded  or  oval  spaces,  the  zotm  ghmerulosa^  made 
the  fibrous  trabeculae,  containing  multi nucleated  maisses  of  proto- 
the  differentiation  of  which  into  distinct  cells  cannot  be  made 
(A).     A   layer  of  cells  arranged  radially,  tlie  zona  faseicuiata  (c). 
\  substance  of  this  layer  is  broken  up  into  cylinders,  each  of  which 
[«urrounded  by  the  connective-tissue  framework.     The  cylinders  thus 
lucetl  are  of   three  kinds — one  containing    an    opaque,    resistant, 
jhighly  refracting  mass  (probably  of  a  fatty  nature) ;  frequently  a  large 
[numl}er  of  nuclei  are  present;  the  individual  cells  can  only  be  made  out 
ith  difficulty.     The  second  variety  of  cylinders  is  of  a  brownish  color, 
id  contains  finely  granular  cells,   in  which  are  fat  globules.      The 


Hit-  JMO.— SecCioti  throaj^h  a  portion  of  the  meduUaiy  part  of  the  Bupra-reaal  of  guineA-p\K* 
M  Teasels  are  ven'  numerou^i.  attd  th^  fihroyii  stroma  more  dUtlnct  tnan  in  the  cortex,  and  la 

, orftoier  reticulated.    The  coUs  art*  irre^nilo-r  aod  larger,  clean,  and  free  from  i>U  ^lotMiles.     X 
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third  variety  consists  of  gray  cylinders,  containing  a  number  of  cells 
whojse  nuclei  are  filled  with  a  large  numljcr  of  fat  granules.  The  third 
layer  of  the  cortical  portion  is  the  zona  reticniaris  (not  shown  in  fig. 
339) .  Thig  layer  is  apparently  formed  by  the  break ing  up  of  the  cylinders, 
the  elements  being  dispersed  and  isolated.  The  cells  are  finely  gran uhir, 
and  have  no  deposit  of  fat  in  their  interior;  but  in  some  specimens  fat 
may  he  present,  as  well  as  certain  large  yellow  granules,  which  may  be 
called  pigment  granules. 

(2.)  The  meduUurtj  suhstttnce  consists  of  a  coarse  rounded  or  irregular 
naeshwork  of  fibrous  tissue,  in  the  alveoli  of  which  are  masses  of  multi- 
nucleated protoplasm  (fig.  340);  numerous  blood-vessels;  and  an  abun- 
dance of  nervoos  elements.  The  cells  are  very  irregular  in  shape  and  size, 
poor  in  fat,  and  occasionally  branched ;  the  nerves  run  through  the  cor- 
tical substance,  and  anastomose  over  the  medullary  portion. 
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Nerves, — The  adrenals  arc  very  abundantly  supplied  with  iwna^ 
chiefly  composed  of  roediillated  fibres.  These  fibres  are  deri?ed  bm 
the  solar  and  renal  plexuses,  vagi  and  phrenics.  Nerve-cells  are  ain 
numerous  in  connection  with  these  fibres.  The  fibres  enter  the  hilumrf 
the  gland,  but  the  method  of  their  termination  is  unknown. 

VomposUimi, — In  addition  to  the  ordinary  extractives^  benzoic  acid, 
hippuric  iicid,  and  taurin  have  been  found,  and  also  inoeite,  as  well  asa 
peculiar  pigmentary  substance,  soluble  in  water,  becoming  red  on  ex- 
posure to  lights  and  giving  with  ferric  chloride  a  green  or  blue  cclor. 
Hfiemoehromogen  haa  been  found  by  McMuiin.  Nearin,  appireaflj 
from  the  nervous  elements,  hafi  also  been  shown. 

Function. — Of  the  function  of  the  supra-renal  bodies  nothing  can  be 
definitely  stated,  but  they  are  in  all  probability  connected  with  tb 
lymphatic  system. 

Addison' a  Dixam, — The  collection  of  largt*  numbers  of  cases  in  which  die 
Rupra- renal  capsules  have  been  diseased,  has  demonstrated  the  very  cloae  relatHn 
subsisting  between  disease  of  thf>se  organs  and  brown  discoloration  of  tbeskta 
(Addison's  disease)  ;  but  the  exx>tanation  of  this  relation  is  still  involved  in 
«>hscurity,  and  consequently  does  not  aid  much  in  detenu iuiug  the  functiowof 
the  $ypra  renal  capsules. 

The  Pituitary  Body.— This  body  is  a  small  reddish-gray  matt, 
occupying  the  sella  tureiea  of  the  sphenoid  bone. 

Strnriure, — It  consists  of  two  lobes— a  small  posterior  one,  coosiit- 
ing  of  nervous  tissue;  an  anterior  larger  one,  resembling  the  thyroid  in 
Btrnctnre.  «A  canal  lined  with  flattened  or  with  ciliated  epithehmn 
passes  through  the  anterior  lobe;  it  is  connected  with  the  inlandi' 
hiihinu  The  ghind  spaces  are  oval,  nearly  round  at  the  peripben, 
spherical  toward  the  centre  of  the  organ;  they  are  filled  with  nucleated 
cells  of  various  sizes  and  shapes  not  unlike  ganglion  cells,  collected 
together  itito  rounded  masses,  filling  the  ?esicles,  and  contained  in  a  semi- 
fluid granular  substance.  The  vesicles  are  inclosed  by  connective  tiasne, 
rich  in  capillariea, 

Funciion, — Nothing  is  known  of  the  function  of  the  pituitary  body. 

The  Pineal  Gland.— This  gland,  which  is  a  small  reddish  body,  ii 
placed  licneuth  tht?  back  part  of  the  corpus  callosiim,  and  rest^  upon  the 
corpora  q  u  ad  ri  gem  in  a, 

Sirnelttre. — It  contains  a  central  cavity  lined  with  ciliated  epithelinm. 
The  gland  substance  proper  is  divisible  into^(l.)  An  outer  corticd 
layer,  analogous  in  structure  to  the  anterior  lobe  of  the  pituitary  bodjr; 
and  (2.)  An  inner  central  layer,  wholly  nervous.  The  cortical  layer 
consists  of  a  number  of  close  follicles,  containing  (a)  cells  of  variable 
shape,  rounded,  elongated,  or  stellate;  (b)  fusiform  cells.  There  is  also 
present  a  gritty  matter   {acermdus  cerebri]^  consisting  of  round  par^ 
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aggregated  into  small  masses.     The  central  substance  consists  of 
and  gray  matter.     The  blood-vessels  are  small,  and  form  a  \eYy 
%te  capillary  plexus. 

^nnrtion. — Of  this  tliere  is  nothing  known. 
^Thc  Coccygeal  and  Carotid  Glands.— These  so-called  glands  are 
situated,  the  one  in  front  of  the  tip  of  the  coccyx,  and  the  other  at  the 
>int  of  bifarcation  of  the  common  carotid  artery  on  each  side.     They 
made  up  of  a  plexus  of  small  arteries,  are  inclosed  and  supported 
a  ca|Jsuleof  fibrous  tissue,  which  contains  connective-tisaue  corpuscles. 
The    blood-vessels  are  surrounded  by  one  or  more  layers  of  cells  like 
creting-cells,  which  are  said  to  be  modified  plasma  cells  of  the  con- 
ctive  tissue.     The  function  of  these  bodies  is  unknown. 

Functions  of  the  Vmcuhr  (rhtndH  in  General 

The  opinion  that  the  vascular  glands  serve  for  the  higher  organiza- 
tion of  the  blood,  is  supported  by  their  being  all  especially  active  in  the 
lischarge  of  their  functions  during  ftetal  life  and  childhood,  when,  for 
the  development  and  growth  of  the  body,  the  most  abundant  supply  of 
lliighly  organized  blood  is  necessary.     The   bulk  of  tlie  thymus  gland, 
in  proportion  to  that  of  the  Ijody,  appears   to   bear  almost  a  direct 
proportion  to  the  activity  of  the  body's  development  and  growth,  and 
rben,  at  the  period  of  pulierty,  the  development  of  the  body  may  be 
Ifiaid  to  be  complete,  the  gland  wastes,   and   finally  disiippears.     The 
[thyroid  gland  and  supra-renal   capsules,    also,    though   they    probably 
never  cease  to  discharge  some  function,  yet  are  proportionally  much 
hroaller  in  childhood  than  in  foetal  life  and  infancy;  and  witli  the  years 
Imdvancing  to  the  adult  period,  they  diminish  yet  more  in  proportionate 
[size  and  apparent  activity  of  function.     The  spleen  more  nearly  retains 
[its  proportionate  size,  and  enlarges  nearly  as  the  whole  body  does. 

Although  the  functions  of  all  the  vascular  glands  may  be  similar,  in 
[BO  far  as  they  may  all  alike  serve  for  the  elaboration  and  maintenance 
of  the  blofjd,  yet  each  of  them  probably  discharges  a  peculiar  office,  in 
relation  either  to  the  whole  economy  or  to  that  of  some  other  organ, 
» Kespecting  any  special  olHee  of  the  thyroid  gland,  nothing  reasonable 
hiis  been  hitherto  suggested;  nor  is  there  any  certain  evidence  concern- 
ing that  of  the  supra-renal  capsnles.  Bergman  believed  that  they 
formed  part  of  the  sympathetic  nervous  system  from  the  richness  of 
their  nervous  supply.  Kolliker  looked  upon  the  two  parts  as  function- 
ally distinct,  the  cortical  part  belonging  to  the  blood  vascular  system, 
and  the  medullary  to  the  nervous  system. 


CHAPTEE  XIII. 

ANIMAL   HEAT. 

One  of  the  most  important  results  of  the  metabolism  of  the  tissaei  ii 
the  production  of  the  heat  of  the  body.  It  is  by  this  means  th^  the 
bodily  temperature  is  raised  to  such  a  point  as  to  make  life  possible. 
In  man  and  in  such  animals  as  are  called  warm-blooded,  including  only 
mammals  and  birds,  it  is  found  on  the  one  hand,  that  there  is  an  aver- 
age temperature  which  is  maintained  with  only  slight  variations  m  spite 
of  changes  in  their  environment,  and  on  the  other  band,  that  the  pos- 
sible variations  above  and  below  this  average  are  comparatively  slight 
It  must  not  be  thought,  however,  that  the  average  temperature  in  all 
mammals  and  birds  is  the  same ;  for  example,  as  we  shall  see,  the  average 
temperature  of  man  is  just  37°  C.  (98.6°  F.),  in  some  birds  it  is  as  high 
as  44°  C.  (111°  F.),  whereas  in  the  wolf  it  is  said  to  be  under  36*  C 
(90°  F.). 

The  average  temperature  of  the  human  body  in  those  internal  parta 
which  are  most  easily  accessible,  as  the  mouth  and  rectum,  is  from  36.9* 
-37.4°  C.  (98.5°  to  99.5°  F.).  In  different  parts  of  the  external  surface 
of  the  human  body  the  temperature  varies  only  to  the  extent  of  one  or 
two  degrees  (C),  when  all  are  alike  protected  from  cooling  influences; 
and  the  difference  which  under  these  circumstances  exists,  depends chieflj 
upon  the  different  degrees  of  blood-supply.  In  the  axilla — the  most 
convenient  situation,  under  ordinary  circumstances,  for  examination  by 
the  tberniometer — the  average  temperature  is  36.9°  C.  (98.6°  F.).  In 
different  internal  parts,  the  variation  is  one  or  two  degrees;  those  parts 
and  organs  being  warmest  which  contain  most  blood,  and  in  which  tliere 
occurs  the  greatest  amount  of  chemical  change,  e,g.^  the  muscles  and 
tlie  glands;  and  the  temperature  is  highest,  when  they  are  in  a  condi- 
tion of  activity:  while  those  tissues  which,  subserving  only  a  mechanical 
function,  are  the  seat  of  least  active  circulation  and  chemical  change, 
are  the  coolest.  These  differences  of  temperature,  however,  are  actually 
but  slight,  on  account  of  the  provisions  which  exist  for  maintaining 
uniformity  of  temperature  in  different  parts. 

Circuvistances  causing  Variations  in  Temperature. — The  chief  circumstances 
by  which  the  temperature  of  a  healthy  body  is  influenced  are  the  following:— 

Age. — The  average  temperature  of  the  new-bom  child  is  only  about  half  a 
degree  C.   (1''  F.)  above  that  of  the  adult;  and  the  difference  becomes  still 
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fling  dtinng  infancy  and  early  chi!d!iof>d.  The  temperature  falls  to 
h  extent  of  ali«:»ut  .2  C.  (.5  F. )  from  early  infancy  to  puberty,  aod  by 
S>m  the  same  amount  from  puberty  to  fifty  or  sixty  years  of  age.  In  old  age 
I  temperature  again  ri»es.  and  approacbt^  that  of  infancy. 

Sex. —The  average  temperature  of  the  female  ie  slightly  higher  than  tliat  of 
p  male. 

J^triod  of  the  Dnff^^The  temperature  undergoefi  a  gradual  alteration,  to  the 
bent  of  about  .54'-'.8''  C.  (T  to  1.5'  F.)  in  the  r^our.se  of  the  day  and  niglit; 
b  minimum  beiBg  at  ntght  or  in  the  early  morning,  the  maj^imum  late  in  the 
lernoon. 

I  £sterctse.— Active  exercise  raises  the  temperature  of  the  Ixnly  from  .54"-!. 06* 
I    (r  ill  2   F). 

I  climate  and  Season. — Tlie  temperature  of  the  human  body  is  praictically  the 
^e  in  temperate  as  in  tropit^l  elimates.  In  summer  the  temi>erature  of  the 
Wy  ia  a  little  higher  than  in  winter ;  the  difference  amounting  to  about  a 
Kill  of  a  degree  C 
^ood  and  Drink, — The  effect  of  a  meal  upon  the  tem  perature  of  a  body  ia  but 
A  very  slight  rise  usually  cx-curs.  Cold  alcoholic  drinks  slightly 
the   temperature   about  hjilf   a  degree  C.      Warm   alcohol ic  drinks,    as 

lell  as  warm  t^a  and  coJiee,  raise  the  temperature  about  a  Lliird  of  a  ilegree  C. 
Disease.— In  diae;ise  the  temperature  of  the  Ixxiy  deviates  from   the  normal 

luidard  to  a  greater  extent  than  would  l>e  anticipat<*d  from  the  fc*Iight  effect 
f  external  conditions  during  health,  Tlius,  in  some  disease,  as  pneumonia 
Idd  typhus,  it  occasionally  rises  as  high  as  41^-41.6"  C.  (106^  or  307'  F/).  and 
(onsiderably  higher  temperatures  have  been  noted.  In  Asiatic  cholera,  on  the 
itber  hand,  a  thermometer  placed   in  the  mouth  may  sometimes  rise  only  to 

B'-sa.2*  c.  ar  or  ir  fj. 

1  The  temperature  maintiiined  hy  Mammalia  in  an  active  state  of  life,  accord- 
fckg  to  the  tables  of  Tietlematin  and  Riidolphi.  averages  38.3'  a  (lOr  F.)* 
fhe  ejctremea  recorded  by  them  were  ;J4.f>  C.{m  F.)  and  41'  C,  (106'  F.),  th» 
Drmer  in  the  narwhal,  the  latter  in  a  bat  (Vesi>ertilio  pipistrella).  In  Birds, 
lie  average  is  as  high  as  41.3^  C.  (107^  F,)  ;  the  highest  temiJt^rature,  46/2°  C, 
111. 25'  F. )  being  in  the  small  species,  the  linnets,  etc.  Among  Reptiles,  while 
be  medium  they  were  in  was  33,9^  0.  (75"  F.)  their  average  temperature  waa 
L2'  C.  {H2.!y  F. )'  As  a  general  rule,  their  temjierature.  though  it  falls  with 
bat  of  the  sorronnding  medium,  is,  in  temperate  metlia,  two  or  more  degrees 
j^her :  and  though  it  rises  alsowith  that  of  the  medium,  yet  at  verj^  high 
egrets  it  ceases  tt>  do  so,  and  remains  even  lower  than  that  of  tb«  medium. 
Ish  and  inverteljrata  present,  as  a  general  rule,  the  same  temperature  as  the 
aedium  in  which  they  lire,  whether  that  Ih*  high  or  low ;  only  among  fish,  the 
tmny  tribe,  with  strong  hearts  and  red  meat- like  muscles,  and  more  blood 
ban  the  average  of  fiHli  have,  are  generally  3. 8^  C.  (7*"  F. )  warmer  than  the 
rater  arotmil  them. 

The  difference,  therefore,  l>etween  wliat  are  commonly  called  the  warm  and 
be  cold  bkxKled  animals,  or  Iiomoiofherjual  (bftmi^,  like.  W/j/i^/,  heat)  and  j>oikilO' 
kggmal  {JTouiXo^^  changeful,  (^i'ppjf,  heat),  is  not  one  of  al>solutely  higher  or  lower 
l^lperature;  for  the  animals  whicli  to  us  iu  a  temperate  climate  feel  cold  (be- 
ng  like  the  air  or  water,  colder  than  the  surface  of  our  bodies) ♦  would  in  an 
acternal  temi>erature  of  37. H  C.  (I'M)'  F.)  have  nearly  the  same  temjii^rature 
od  feel  hot  to  us.  The  real  difference  is  that  wannddooded  animals  have  a 
ertain  permanent  heat  in  all  atmL»spheres,  while  the  temperature  of  cold- 
looded  animaiii  is  variable  with  every  atmosphere. 
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The  Production  o^  the  Body   Heat. 

The  heat  which  is  produced  in  the  body  arises  from  the  metabolic 
changes  of  the  tissues,  the  chief  part  of  which  are  of  the  nature  of  oiij*. 
tion,  since  it  may  be  supposed  that  the  oxygen  of  the  atmosphere  taken 
into  the  system  is  ultimately  combined  with  carbon  and  hydrogen,  and 
discharged  from  the  body  as  carbonic  acid  and  water.  Any  change, 
indeed,  which  occur  in  the  protoplasm  of  the  tissues,  resulting  in  an 
exhibition  of  their  function,  are  attended  by  the  evolution  of  heat  and 
the  formation  of  carbonic  acid  and  water.  The  more  active  the 
changes  tlie  greater  is  the  heat  produced  and  the  greater  is  the  amount 
of  the  carbonic  acid  and  water  formed.  But  in  order  that  the  proto- 
plasm may  perform  its  function,  the  waste  of  its  own  tissue  (destructive 
metabolism),  must  be  repaired  by  the  due  supply  of  food  material  to  he 
built  up  in  some  way  into  the  protoplasmic  molecule.  For  the 
production  of  heat,  therefore,  food  is  necessary.  In  the  tiasnei^ 
as  we  have  several  times  remarked,  two  processes  are  continually 
going  on :  the  building  up  of  the  protoplasm  from  the  food  (constructiTe 
metabolism)  which  is  not  accompanied  by  the  evolution  of  heat,  possihly 
even  by  its  storing,  and  the  oxidation  of  the  protoplastic  materials 
resulting  in  the  production  of  energy,  by  which  heat  is  set  free  and 
carbonic  acid  and  water  are  evolved. 

It  is  not  necessary  to  assume  that  the  combustion  processes,  indeed, 
are  Jis  8imi)le  as  the  Bare  statement  of  the  fact  might  seem  to  indicate; 
and,  we  liave  indicated,  in  treating  of  muscular  metabolism,  the  process 
appears  to  consist  first  of  all  of  building  up  of  the'  oxygen  into  the 
molecule.  But  complicated  as  the  various  stages  may  be,  the  ultimate 
result  is  as  simple  as  in  ordinary  combustion  outside  the  body,  and  the 
products  are  the  same. 

This  theory  tliat  the  maintenance  of  the  temperature  of  the  hving 
body  depends  on  continual  chemical  change,  chiefly  by  oxidation  of 
combustible  materials  in  the  tissues,  has  long  been  established  by  the 
demonstration  that  the  quantity  of  carbon  and  hydrogen  as  supplied  as 
food,  which,  in  a  given  time,  unites  in  the  body  with  oxygen,  is  sufficient 
to  account  for  the  amount  of  heat  generated  in  the  animal  within  the 
same  period:  an  amount  capable  of  maintaining  the  temperature  of  the 
body  at  from  30.8°-3.87°  C.  (98M00°  F.),  notwithstanding  a  large 
loss  by  radiation  and  evaporation.  This  estimation  depends  upon  the 
chemical  axiom  that  when  a  body  undergoes  a  chemical  change  the 
amount  of  energy  set  free  is  the  same,  supposing  the  resulting  products 
are  the  same,  whether  the  change  takes  place  suddenly  or  gradually.  If 
a  certain  number  of  grammes  of  different  substances  are  introduced  as 
food,  and  if  they  undergo  complete  oxidation^  the  amount  of  kinetic 
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mergy  om  shown  in  the  amouiit  uf  lieat,  and  mechanical  work,  U  tho 

nme  if  the  Siimo  botliea  are  completely  oxidized  oiU«ide  tho  body;  so 

llist   if   1   gramme   uf  fat  be  taken  into  the  body  and  the   oxidation 

eompleUdy  uxidized,  resulting  in  the  production   of  u  delinite  amount 

of  carbon  cUoxido  and  water,  it  may  be  j^upposed  to  have  produced  the 

iame  aiiuiunt  of  heat  ti&  it  wouhl  iuive  produced  outsido  the  body.     In 

the  iliac  of  proteid  food  it  is  a  little  different,  since  it  ia  never  completely 

oiidizt^l  within  tho  body,  but  may  Ijc  siiiipoged  tt>  give  rise  to  a  delinite 

Moaot  of  urea,   not  a  completely  oxidized  body.     In  this   case  tho 

gnsniiic  of  proteid  nmy  be  considered  to  perfurm  t!ie  same  amount  of 

hiMit  afi  Die  proteid  would  outside    the  botly  minus  the  amount  which 

would  be  obtaiueti  from  the  coiuidete  oxidation  of  the  resulting  urea. 

Tho  actual  amount  of  heat  prixUiced  per  diem  has  been  expeTimen tally 
aaoertained  in   the  case  of  «maU  aniuuds    by  tho  aid  of  an  apparatus 
calkd  a  Calonmeter.     The  animal  is  inclo2?ed  in  a  metid  box   com- 
pletely contained   in  a  second  box  containing  water,  and  air  h  led  into 
*inl  out  of  tho  inner  box  by  means  i>f  metal  tubes;  the  one  through  which 
Uieair  is  led  out  of  the  chamber  has  several  coila  iai  it     Tlie  heat  given 
Otit  by  the  animal  warms  the  wattT  in  the  outside  box,  and  may  bo 
^istiniated  by  the  rise  of  it^  temjrerature,  the  amount  of  which  is  known, 
Tho  amount  of  heat  produce*!  and  of  energy  in  the  form  of  meehanicral 
W-ork  set  free  in  a  given  time  arise  from  the  oxidation  of  the  substances 
t^ken  in  aa  food  in  so  far  m  they  are  oxidized.     In  onler  that  there  nuiy 
1m  correct  data  to  assist  in  the  consideration  of  the  subject,  tho  amount 
o£  beat  evolved  by  tho  oxidation  of  various  food-stntls  has  iK'en  carefully 
meaaared.     The  results  may  be  set  dow^i  in  terms  of  grttrnme-mlorus 
(Oa),  a  calorie  being  the  heat  unit,  and  meuuing  the  amount  of  heat 
required  to  mifle  I  gramme  of  water  1  degree  C,  or,  more  strictly,  from 
X5'  C,  to  IG"*  C*     The  nund>er  of  gramuio-calories  which   1  gramme 
of  the  following  substances  equals  will  be  seen  in  the  annexed  table. 

Hydrt>geQ     .     3450        Fat        .        .     9O0O        Urea  ,  2200 

Carbon    ,     .     8100        CarlT^iIivdnite    4000 

FruU^id*         .     5000^5500 
1  gramme  of  ppc»t«?id  i^iving  rise  to  \  gramme  of  urea. 

The  relatiou  between  the  income  and  expenditure  of  the  body  will  be 
^'^njtidered  more  in  detail  in  tho  next  chapter,  after  the  question  of 
^^^^U  hm  been  more  fully  gone  into.  We  may  now  turn  to  the  question 
^^  the  chief  heat-producing  tissues. 

Heat-producing  Tissues. — (L)  The  Mi(srlps.—\s  the  muscles 
^^^n  s*j  large  a  part  of  the  boily,  and  aa  in  them  metabolism  is  particularly 
*^^Yo,  it  is  only  reasonable  to  consider  the  muscular  as  the  chief  heat- 

1^  ^  Bomeiimea  tlie  Cenn  kUofframme-ealoria   i»  used  ;  one  kilo^amme- calorie 
^9  equal  to  lOOO  gmmme-caloriefl. 


^Uigjeqi 


33 


I 


408  HANDBOOK   OF   PHYSIOLOGY. 


producing  tissue.  It  has  already  been  pointed  out  that  the  manifeaa. 
tion  of  muscular  energy  is  always  accompanied  by  the  evolution  of  hot 
and  the  production  of  carbon  dioxide.  This  production  of  cvboi 
dioxide  goes  on  while  the  muscles  are  at  rest,  only  in  a  less  degree  to 
that  which  is  noticed  during  muscular  activity,  and  so  it  is  certain  tint 
an  active  metabolism  is  going  on  in  resting  as  well  as  in  coDtractiog 
muscles.  This  metabolism  is  a  source  of  much  heat,  and  so  the  total 
amount  of  heat  produced  in  the  muscular  tissues  per  diem  must  bevei; 
great.  It  lias  been  calculated  that,  even  neglecting  the  heat  prodooed 
by  the  quiet  metabolism  of  muscular  tissue,  the  amount  of  heat  gener- 
at^xl  by  muscular  activity  would  supply  the  principal  part  of  the  total 
heat  produced  within  the  body.  (2.)  The  Secreting  glamls^  and  prin- 
cipally the  liver,  as  being  the  largest  and  most  active,  come  next  to  the 
muscles  as  heat-producing  tissue.  It  has  been  found  by  experiment  that 
the  blood  leaving  the  glands  is  considerably  warmer  than  that  entering 
them.  The  metabolism  in  the  glands  is  very  active,  and,  as  we  hive 
seen,  the  more  active  the  metabolism  the  greater  the  heat  prodnced. 
(3.)  The  Brain;  the  venous  blood  has  a  higher  temperature  than  ti» 
arterial.  It  must  be  remembere<l,  however,  that  ail  though  the  orgaa 
above  mentioned  are  the  chief  heat-producing  parts  of  the  body,  aD 
living  tissues  contribute  their  quota,  and  this  in  direct  proportion  to 
their  activity.  The  blood  itself  is  also  the  seat  of  metabolism,  and, 
tlicrofore,  of  the  production  of  heat;  but  the  share  which  it  takes  in 
this  respcot,  apart  from  the  tissues  in  which  it  circulates,  is  very  incon- 
siderable. There  are  two  other  means  by  which  the  heat  produced  by 
nietahnlism  of  the  tissues  is  added  to  in  slight  degree,  viz.,  by  friction, 
f.c,  in  the  movements  of  muscles,  in  the  circulation  of  blood,  andek- 
where.  This  contributes  a  slight  but  undetermined  tunount  of  heat, 
and  by  tlie  taking  in  of  warm  foods,  solid  or  liquid,  a  further  small 
amount  of  heat  is  at  the  same  time  acquired. 

Ke(ulation   of  the  Temperature  of  the   Human   Body. 

The  average  temperature  of  the  body  is  maintained  under  different 
conditions  of  external  circumstances  by  mechanisms  which  permit  of 
(!)  variation  in  the  loss  of  heat,  and  (2)  variations  in  the  production  of 
heat.  In  healthy  warm-blooded  animals  the  loss  and  gain  of  heat  arc  so 
nearly  balanced  one  by  the  other  that,  under  all  ordinary  circumstam-es, 
an  uniform  temperature,  within  a  degree  or  two,  is  preserved. 

Variation  in  the  Loss  of  Heat. — The  loss  of  heat  from  the  human 
body  is  principally  regulated  by  the  amount  given  off  (1)  by  radiation 
and  conduction  from  its  surface,  and  by  means  of  the  (2)  constant  evapo- 
ration of  water  from  the  same  part,  heat  being  thus  rendered  latent,  and 


A  KIM  A  L    HEAT. 


4011 


a  Tnoirh  less  degree  (3)  from  the  air-passages ;  in  eaeh  nvt  of  reHpiru- 
tioii,  heat  is  lost  to  a  grtjater  or  less  extent  according  to  the  temperature 
of  the  atmosphere;  unless  indeed  the  temperature  of  the  surrounding 
lir  exix*ed  that  of  the  blood.  We  must  remember  too  that  (4)  all  food 
iud  drink  which  enter  the  body  at  a  lower  temperature  than  itself  ub- 
itraet  a  small  measure  of  heat;  (5)  while  the  urine  and  fasces  which 
loave  the  Ixnly  at  about  its  own  temperature  are  also  means  by  which  a 
imall  amount  is  lost. 

(a.)  From  llie  Surface  of  the  Bofly. — By  far  the  most  important  loss 
dheat  from  the  b^Kly, — probably  INi  pur  cent  and  upward  of  tfie  whole 
fioount,  is  that  which  takes  place  Ijy  radiuiioTi,  conflurtion,  and  evapora- 
tion from  the  skin.     The  actual  tigures^  arc  m  folhvws: — of  ItH)  calories 
of  heat  produceil,  '2,0  are  lost  in  heating  food  and  drink;  2.^>  in  heating 
iir  inspircil;  14,7  in  evaporation;  aodHU.l  by  ra<liation  and  conduction. 
Thu  means  by  which  the  skin  is  able  to  act  as  one  of  the  most  impor- 
titit  organs  for  regulating  the  temperature  of  the  blood,  arc^ — (I),  that 
itoflcns  a  large  surface  for  radiation,  conduction,  and  evaporation;  (2), 
tbt  it  contains  a  large  amount  of  blood;  (3),  that  the  quantity  of 
UoO(l  contained  in  it  is  the  greater  under  those  circumstances  which 
detnand  a  loss  of  boat  from  the  body,  and  vim  versa.     For  the  circum- 
rtince  which  directly  determines  the  quantity  cf  blood  in  the  skin,  is 
that  which  governs   the  supjily  of  blond  to  all  the  tissues  and  organs  of 
the  Ixxly,  namely,  the  power  of  the  vaso-motor  nerves  to  cause  a  greater 
Of  leas  tension  of  the  muscular  element  in  the  walls  of  the  arteries,  and, 
it?  correspondence  with  this,  a  lessening  or  increase  of  the  calibre  of 
the  vessel,  accompanied  by  a  less  or  greater  current  of  blood,     A  warm 
<>p  hut  atmosphere  so  acts  on  the  nerve  fibres  of  the  skin,  iis  to  letwl 
ttwn  to  cause  in  turn  a  relaxation  of  the  muscular  fibre  of  the  blixxl- 
''■^Is;  and,  as  a  result,  the  skin  becomes  full-bloodeti,  hot,  and  sweat- 
*Qg;  and   much  heat  is  lost.     With  a  low  temperature,  on  the  other 
1,  the  blood-vessels  shrink,  and  in  accordance  with  the  cons4?<|Hcntly 
mished  bliRMj-supply,  the  skin  becomes  pale,  and  cold,  ami  dry;  and 
**<*  (louht  a  similar  effect  may  be  prwlnced  through  the  vaso-motor  cen- 
^  in  the  medidla  and  spinal  cord.     Thus,  by  means  of  a  self-regulating 
^t>iv*atas,  the  skin  becomes  the  most  important  of  the  means  by  which 
this   tcmiierattire  of  tlie  hotly  is  regulated. 

In  t^onnection  with  loss  of  heat  by  the  skin,  reference  has  been  made 
^*  triiat  which  occurs  kith  by  radiation  and  conduction,  ami  by  evapora- 
iw»t^  *  niiJ  the  subject  of  animal  heat  has  been  considered  almost  solely 
*^^K  regard  to  the  ordinary  case  of  man  living  in  a  medium  cohler  than 
1^*^  boc]y,  and  therefore  losing  heat  in  all  the  w^ays  mentioned.  The 
'^  J^ortance  of  the  means  however,  a<iopted,  so  to  sjjeak,  by  the  skin  for 
''®&iiliiting  the  temperature  of  the  body,  will  depend  on  the  oonditions 
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by  which  it  is  surrounded;  an  inverse  proportion  existing  in  moit  cases 
between  a  loss  by  radiation  and  conduction  on  the  cue  hand,  and  br 
evai>oration  on  the  other.  Indeed,  the  small  loss  of  heat  by  eYa|K)nUiQ& 
in  cold  climates  may  go  far  to  compensate  for  the  greater  loss  by  radia- 
tion ;  as,  on  the  other  hand,  the  great  amount  of  fluid  evaporated  in 
hot  air  may  remove  nearly  as  much  heat  as  is  commonly  lost  by  both 
radiation  and  evaporation  together  in  ordinary  temperatures;  and  thai, 
it  is  possible  tliat  the  quantities  of  heat  required  for  the  maintenance  of 
a  uniform  pro{)er  temperature  in  various  climates  and  seasons  are  not 
so  different  as  they,  at  first  sight,  seem. 

Many  examples  may  be  given  of  the  power  which  the  body  possesses  of  r&id' 
ing  the  effects  of  a  high  temperature,  in  virtue  of  evaporation  from  the  skin. 
Blagden  and  others  supported  a  temperature  varying  between  92'-100  C. 
(198-212  F.)  in  dry  air  for  several  minutes;  and  in  a  subsequent  experimoit 
he  remained  eight  minutes  in  a  temperature  of  126.5^  C.  (260*  F.).  "^Tlie 
wurknu*n  of  Sir  F.  Gliantrey  were  accustomed  to  enter  a  furnace,  in  which 
his  moulds  were  dried,  while  the  floor  was  red-hot,  and  a  thermometer  in  the 
air  st4KKl  at  177.8  C.  (350'  F.).  and  Chabert,  the  fire-king,  was  in  the  habit  of 
entering  an  oven,  the  temperature  of  which  was  from  SOo^-SlS"  C.  (400'-600' 
F. ) . "     (CariK'nter. ) 

But  such  heats  are  not  tolerable  when  the  air  is  moist  as  well  as  hoi,  so 
as  to  prevent  evaporation  from  the  body.  0.  James  states,  that  in  the  Tapor 
batlis  uf  Nero  he  wjis  almost  suflfocated  in  a  temperature  of  44.5"*  C.  (112'  F), 
while  in  the  caves  of  Testaccio,  in  which  the  air  is  dry,  he  was  but  little 
iucominodtHl  by  a  temperature  of  80"  C.  (176"  F.).  In  the  former,  evaporation 
fn>ni  the  skin  was  impossible;  in  the  latter  it  was  abundant,  and  the  layer 
of  vaiM)r  whicli  would  rise  fnmi  all  the  surface  of  the  body  would,  by  its  very 
slowly  conducting  power,  defend  it  for  a  time  from  the  full  action  of  the  ex- 
ternal heat. 

We  are  able  by  suitable  clothing  to  increase  or  to  diminish  the  amount 
of  heat  lost  by  the  skin. 

The  ways  by  which  tlie  skin  may  bo  rendered  more  efficient  as  a  cool- 
iug-apparatus  too,  by  exposure,  by  baths,  and  by  other  means  which 
man  instinctively  adopts  for  lowering  his  temperature  when  necessary, 
are  too  well  known  to  need  more  than  passing  mention. 

Although  under  any  ordinary  circumstances  the  external  application  of 
cold  only  tcnii>orarily  depresses  the  temperature  to  a  slight  extent,  it  is  other- 
wise* in  cases  of  liigh  temix?rature  in  fever.  In  these  cases  a  tepid  bath  may 
reiluce  tlio  temiwrature  several  degrees,  and  the  efifect  so  produced  last  in 
some  cases  for  many  liours. 

(/v)  Frofn  the  Lntif/s. — As  a  means  for  lowering  the  temperature,  the 
lungs  and  air- passages  are  very  inferior  to  the  skin;  although,  by  giving 
heat  to  the  air  wo  breathe,  they  stand  next  to  the  skin  in  importance. 
As  a  regulating  power,  the  inferiority  is  still  more  marked.  Tlie  air 
whicli  is  expelled  from  the  luu^a  leaves  the  body  at  about  the  tempera- 
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"^teie  of  the  blood,  and  is  always  saturated  with  moisture.     No  inverse 

7Jpfoportion,  therefore,  exists,  as  in  the  case  of  the  skin,  between  the  loss 

^i^t  heat  by  radiation  and  conduction  on  the  one  hand,  and  by  evaporation 

yUi  the  other.     The  colder  the  air,  for  example,  the  greater  will  be  the 

^hm  in  all  ways.     Neither  is  the  quantity  of  blood  which  is  exposed  to 

^■'flie  cooling  influence  of  the  air  diminished  or  increased,  so  far  as  is 

^^known,  in  accordance  with  any  need  in  relation  to  temperature.     It  is 

f  title   that  by  varying  the  number  and  deptli  of  the  respirations,  the 

•  qaantity  of  heat  given  off  by  tlie  lungs  may  be  made,  to  some  extent, 

'  la  vary  also.     But  the  respiratory  passages,  while  they  must  bo  considered 

^/important  means  by  which  heat  is  lost,  are  altogether  subordinate,  in 

c  the  power  of  regulating  the  temperature,  to  the  skin. 

■  {c)  By  Warming  Cold  Foods. — This  is  an  obvious  method  of  expendi- 

f  tore  of  heat  which  may  be  resorted  to,  but  the  loss  of  heat  by  the  excreta 

\  discharged  from  the  body  at  a  high  temperature,  must  be  of  little  use  as 

^  %  means  of  regulating  the  temperature,  since  the  amount  so  lost  must  be 

capable  of  little  variation. 

Variation  in  the  Production  of  Heat.— It  may  seem  to  have  been 
aBsamed,  in  the  foregoing  pages,  that  the  only  regulating  apparatus  for 
temperature  required  by  the  human  body  is  one  that  shall,  more  or  less, 
produce  a  cooling  effect;  and  as  if  the  amount  of  heat  produced  were 
always,  therefore,  in  excess  of  that  which  is  required.  Sucli  an  assump- 
'  tion  would  bo  incorrect.  We  have  the  power  of  regulating  the  produc- 
tion of  heat,  as  well  as  its  loss. 

The  regulation  of  the  production  of  heat  in  the  body  is  apparently 
different  for  each  animal,  as  the  absolute  amount  of  heat  set  free  by 
different  animals  in  a  given  period  varies;  in  one  the  production  of  heat 
exceeds  that  in  another.  It  is  even  said  that  each  individual  has  his 
own  coefficient  of  heat  production.  From  all  that  has  been  said  on  the 
Bubject  it  will  be  seen  that  the  amount  of  heat  for  all  practical  purposes 
depends  upon  the  metabolism  of  the  tissues  of  the  body,  everything 
therefore  which  increases  that  metabolism  will  increase  the  heat  produc- 
tion, 80  therefore  the  absolute  amount  of  heat  produced  by  a  large 
animal,  having  a  larger  amount  of  tissues  in  which  metabolism  may  go 
on,  will  be,  cceteris  paribus^  greater  than  that  of  a  small  animal.  But  of 
course  the  activity  of  the  tissue  change  in  a  small  animal  may  be  greater 
than  in  a  large  one,  and  naturally  no  strict  line  can  be  drawn  between 
the  two. 

The  ingestion  of  food  has  been  proved  to  increase  the  metabolism  of 
the  tissues,  and  so,  as  one  would  expect,  the  rate  of  heat  production  is 
found  by  experiment  upon  the  dog  to  be  increased  after  a  meal,  and 
in  this  animal  the  heat  production  reaches  its  height  about  G  to  9  hours 
after  a  meai. 
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It  has  also  been  experimentally  ascertained  that  the  rate  of  heat 
production  iraries  somewhat  with  the  kind  of  food  taken,  for  example, 
if  sugar  be  added  to  the  meal  of  meat  given  to  the  dog,  the  height  of 
maximum  production  is  reached.  It  was  always  said  that  Tarious  natiom 
had  found  by  experience  what  food  was  most  suitable  for  the  climate  in 
which  they  lived,  and  that  such  experience  could  be  trusted  to  regulate 
the  quantity  consumed.  Although  there  have  been  no  very  concluslTe 
ex|)erimentsto  prove  this  view,  yet  it  is  a  matter  of  general  observation 
that  in  nortlicrn  climates  and  in  colder  seasons  the  quantity  of  food 
taken  is  greater  than  in  warmer  climates  or  in  warmer  seasons.  Whj 
the  inhabitants  of  the  coldest  climates  appear  to  require  a  large  propor- 
tion of  fats  in  their  diet  is  difficult  to  understand,  but  such  is  the  case. 

In  exercise,  we  have  an  important  means  of  raising  the  tem^ieratare  of 
our  bodies,  by  it  the  muscular  metabolism  is  increased,  as  is  shown  bj 
the  increased  output  of  carbon  dioxide. 

Influence  of  the  Nervous  System. — The  influence  of  the  nervong 
system  in  modifying  the  production  of  heat  must  be  very  importaut,  as 
upon  nervous  influence  depends  the  amount  of  the  metabolism  of  the 
tissues.  The  experiments  and  observations  which  best  illustrate  it  are 
those  showing,  first,  that  when  the  supply  of  nervous  influence  to  a  part 
is  cut  off,  the  temperature  of  that  part  after  a  time  falls  below  its  ordi- 
nary degree;  and,  secondly,  that  when  death  is  caused  by  severe  injury 
to,  or  removal  of,  the  nervous  centres,  the  temperature  of  the  body 
rapidly  falls,  even  though  artificial  respiration  be  performed,  the  circu- 
lation maintained,  and  to  all  appearance  the  ordinary  chemical  changes 
of  the  body  be  completely  effected.  It  has  been  repeatedly  noticed,  that 
after  division  of  the  nerves  of  a  limb  its  temperature  ultimately  falls; 
and  this  diminution  of  heat  has  been  remarked  still  more  plainly  in 
limbs  deprived  of  nervous  influence  by  paralysis. 

With  equal  certainty,  though  less  definitely,  the  influence  of  the 
nervous  system  on  the  production  of  heat  is  shown  in  the  rapid  and 
momentary  incTease  of  temperature,  sometimes  general,  at  other  times 
quite  local,  which  is  observed  in  states  of  nervous  excitement;  in  the 
general  increase  of  warmth  of  the  body,  excited  by  passions  of  the  mind; 
in  the  sudden  rush  of  heat  to  the  face,  which  is  not  a  mere  sensation; 
and  in  the  equally  rapid  diminution  of  temperature  in  the  depressing 
passions.  All  of  these  examples,  however,  are  explicable,  on  the  sapj)o- 
sition  that  the  nervous  system  alters,  by  its  power  of  controlling  the 
calibre  of  the  blood-vessels,  the  quantity  of  blood  supplied  to  a  part 

Apart,  however,  from  this  vaso-motor  power  of  increasing  the  blood- 
supply  to  internal  organs,  and  to  the  tissues  in  general,  by  means  of 
which  it  is  possible  to  increase  their  metabolism  and  so  their  production 
^at,  there  is  evidence  to  suppose  that  there  is  another  nervous  appa- 
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mtas  closely  comparAblc  to  that  which  regulates  the  secretion  of  saliva  or 
sweat,  by  means  of   whieh   the   prodiictioii    of   heat  in    the  warm- 
ilooded  animals  is  increased  or  diminislied  m  occasion  requires.     This 
ppamtns  probably  consists  of  u  centre  which  may  \>e  reflexly  stimulated, 
w  example  by  impulses  from  the   skin,  and   which   acts   through 
Btal   nerves  supplied   to  the    various    tisijues.     The    evidence   upon 
iich  the  existence  of  this  regulating  apparatus  depends  is  the  marked 
fcct  iu  the  increase  of  the  oxygen  taken  in  by  a  wunn-bloutled  animal 
rheu  exposetl  to  culd  and  the  corresponding  increacie  in  the  output  ut 
'earboQ  dioxide,  indicatiog  that  there  is  an  iDcrea^e  of  the  metabolism 
id  so  an  incretkkHl  production  of  heat,  under  such  circumstances  and 
i»t  a  mere  tlimiuution  of  the  amount  of  heat  lust  by  the  skin,  etc.     A  culd- 
looded  animal  reacta  very  differently  to  exposure  to  eokl ;  inst^^ad  of  as  in 
lie  case  of  the  warm-blooded  animal,  increasing  the  nictalKjlisni,  cold 
Itminishes  the  metalwlii^m   of  its  tissues.     It  appears  clear,  therefore, 
in  warni-blotxltHl  animals  there   is  souio  extra    ap|>aratus    which 
Mmteracfcs  the  elTeets  of  cold  which    in   cold-bhxjded    aniuials    causes 
diminished  metabolism.     In  warm-blooded  animals  jjoisuued   by   urari, 
in  which  section  of  the  bulb  has  l)een  done,  it  has  l>een  found  that 
I  regulating  apparatus  is  no  longer  iti  action,  and  under  such  circum- 
Mices  no  ditferenco  appears  to  exist  between  such  aninmls  and  those 
rhich  are  naturally  cold-blooded.     Warmth  increases  their  temperature 
cold  lowers  it,  and  with  this  there  is  of  course  evideuce  of  dimin- 
metabolism.     The  explanation  of  these  extjerirnents  as  given  by 
modern  physiologists  is  that  in  such  animals  the  connection  which  natu- 
rally exists  ijetween  the  skin  and  the  mtisclca  through  the  nervous  chain, 
such  as  a  thermotaxic  nervous  apparatus  might  be  supposed  to  atford,  is 
broken  either  at  the  termination  of  tlie  nerves  in  the  muscles  or  at  the 
section  point  of  the  bulb.     The  position  of  this  hypothetical  centre  is  a 
matter  of  some  ditferenee   of  opinion.     It  bits  been  demonstrated  that 
stimulation  of  different  parts  of  the  brain  may,  among  other  symptoms^ 
produce  increaaed   metabolism  of  the  tissues  with   increased   ootinit  of 
carbijn  dioxide  and  a  raised  temperature:  the  parts  of  which  thisnuty  Ije 
asst*rted  are  parts  of  the  corpus  striatnm  and  of  the  optic  thalamus. 
The  exact  situation  of  the  heat  centre,  however,  is  at  present  not  known 
with  certainty. 

Experimental  observations  such  as  have  been  made  upon  animals 
receive  confirmation  from  the  observations  of  patients  who  suffer  from 
fever  or  pyrexia;  in  them  the  temperature  of  the  body  may  lie  raised 
several  degrees,  as  we  have  already  pointed  out  {p,  489.)  This  increase 
of  temperature  might  of  course  be  due  to  diminished  loss  of  heat  from 
the  skin,  but  this  although  in  all  probability  entering  into  its  causation, 
is  not  the  only  cause.     The  amount  of  oxygen  taken  in  and  the  aTuount 
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of  carbon  dioxide  given  out  are  both  increased,  and  with  this  there  niuik 
be  increased  metabolism  of  the  tissues,  and  particularly  of  the  muscukr 
tissues,  since  at  the  same  time  the  amount  of  urea  in  the  urine  ig 
increased.  Every  one  is  familiar  with  the  rapid  wasting  which  is  gnch 
a  characteristic  of  high  fever;  it  must  indicate  not  only  too  rapid 
metabolism  of  the  body,  but  also  insufficient  time  for  the  tissues  to  build 
thomselvcB  up.  In  fever  then  there  may  be  supposed  to  be  some  inter- 
ference in  the  ordinary  channel  by  which  the  skiu  is  able  to  commani. 
cate  to  the  nervous  syst-em  the  necessity  of  an  increased  or  diminished 
production  of  heat  in  the  muscles  and  other  tissues.  In  consequence  of 
this,  and  in  spite  of  the  condition  of  heat  of  the  surface  of  the  body, 
the  production  of  heat  goes  on  at  an  abnormal  rate.  It  is  not  certjun 
in  what  way  the  centre  acts,  whether  it  is  one  which  kee|)8  the  meU- 
holism  in  check,  and  when  out  of  gear  it  is  no  longer  able  to  do  this,  or 
whether,  on  the  other  hand,  it  is  a  centre  by  means  of  which  the  meta- 
bolism of  the  tissues  may  be  increased  by  stimuli  proceeding  from  it 
Impulses  from  the  skin  would,  according  to  these  two  possible  modes 
of  rtction,  act  cither  in  the  direction  of  increasing  its  inhibitory  action, 
or  in  the  direction  of  increasing  or  of  diminishing  the  different  stimuli 
causing  increased  production. 

Influence  of  Extreme  Heat  and  Cold. — In  connection  with  the 
regulation  of  animal  temperature,  and  its  maintenance  in  health  at  the 
normal  height,  may  bo  noted  the  result  of  circumstances  too  powerful, 
either  in  raising  or  lowering  the  heat  of  the  body,  to  bo  controlled  by  the 
proper  regulating  apparatus.  Walther  found  that  rabbits  and  dogs  kept 
exposed  to  a  hot  sun,  reached  a  temperature  of  4^°  0.  (114.8°  F.),  and 
then  died.  Cases  of  sunstroke  furnish  us  with  several  examples  in 
the  case  of  man;  for  it  would  seem  that  here  death  ensues  chiefly  or 
solely  from  elevation  of  the  temperature. 

The  clTect  of  mere  loss  of  bodily  temperature  in  man  is  less  well  known 
than  the  efToct  of  heat.  From  experiments  by  Walther,  it  appears  that 
rabbits  can  be  cooled  down  to  8.9°  C.  (48°  F.),  tefore  they  die,  if  arti- 
ficial respiration  be  kept  up.  Cooled  down  to  17.8°  C.  (04°  F.),  they 
cannot  recover  unless  external  warmth  be  applied  together  with  the 
employment  of  artifical  respiration.  Eabbits  not  cooled  below  25^'. 
{77''  F,)  recover  by  external  warmth  alone. 


OHAPTEE  XIY. 

NUTRITION   AND   DIET. 

It  is  not  only  necessary  that  the  animal  body  should  be  supplied  with 
food  in  order  that  its  natural  functions  may  go  on  without  interrup- 
tion, but  it  is  also  equally  requisite  that  the  food  should  consist  of  proper 
materials.  It  may  be  supposed  that  each  kind  of  arimal  by  instinct 
keeps  itself  supplied  with  the  substances  which  supply  the  needs  of  its 
own  metabolism  the  best,  and  it  is  a  matter  of  every-day  experience  that 
in  the  case  of  man,  each  endeavors  to  supply  himself  with  food  accord- 
ing to  the  circumstances  of  his  surroundings.  We  may  therefore  accept 
jRich  data  as  we  can  obtain  from  the  observation  of  numerous  examples 
of  such  selection  in  the  way  of  diet  when  we  are  in  the  act  of  drawing 
np  a  diet-scale,  relying  upon  such  empiric  knowledge  alone,  or,  on  the 
other  hand,  we  may  proceed  more  scientifically,  and  endeavor  to  plan  a 
diet-scale  from  our  experimental  observation  of  the  loss  which  takes 
place  in  the  body  in  the  course  of  the  twenty-four  hours  by  the  excreta. 
If  we  do  this  we  assume  that  the  food  is  taken  in  to  supply  what  is 
generally  called  the  waste  of  the  tissues.  The  term  is  scarcely  an  accu- 
rate one,  but  if  we  take  it  to  mean  in  a  restricted  sense, — what  the 
tissues  and  organs  of  the  body  give  out  to  be  eliminated  by  the  excretory 
organs  in  the  course  of  the  day, — we  may  continue  to  use  it. 

The  food  then  may  be  supposed  as  intended  to  supply  the  place  of 
that  which  is  given  out  by  the  body.  But  in  the  choice  of  a  diet  this  is 
not  enough;  the  food  should  be  sufficient  to  supply  such  need  without 
waste  and  without  unduly  increasing  the  output  of  excreta,  while  at  the 
same  time  the  body  should  be  maintained  in  health,  without  increase 
or  loss  of  weight. 

These  requisites  of  a  diet  scale  then  allow  for  wide  alterations  in  the 
amount  of  different  kinds  of  foods  under  different  circumstances. 

Careful  analyses  of  the  excreta,  many  of  which  we  have  already  had 
occasion  to  call  attention  to,  show  that  they  are  made  up,  besides  water, 
chiefly  of  the  chemical  elements  carbon,  hydrogen,  oxygen,  and  nitrogen, 
but  that  they  also  contain,  to  a  less  extent,  sulphur,  phosphorus,  chlorine, 
potassium,  sodium,  and  certain  other  of  the  elements.  Since  this  is  the 
case  it  must  be  evident  that  to  balance  this  waste,  foods  must  be  supplied 
containing  all  these  elements  to  a  certain  degree,  but  some  of  them,  viz., 
those  which  take  a  principal  part  in  forming  the  excreta,  in  large  amount. 
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Of  the  excreta  the  carbon  dioxide  and  ammonia,  which  are  made  up 
of  the  elements  carbon,  oxygen,  nitrogen,  hydrogen,  are  given  oi 
from  the  lungs.  By  the  urine  many  elements  are  eliminated  from  tlie 
blood,  especially  nitrogen,  hydrogen,  and  oxygen.  In  the  sweat,  ^ 
elements  chiefly  represented  are  carbon,  hydrogen,  and  oxygen,  and 
these  are  also  those  of  which  the  faeces  are  made.  By  all  the  excretiom 
large  quantities  of  water  are  got  rid  of  daily,  but  chiefly  by  the  urine. 

The  relations  between  the  amounts  of  the  chief  elements  contained 
in  these  various  excreta  in  twenty-f our  hoars  maybe  thus  summarized:— 


By  the  lungs 

By  the  skin 

By  the  urine 

By  the  faeces 

Grammes 


Water. 

a 

H. 

N. 

880 

248.8 

_ 

? 

600 

2.6 

— 

— 

1700 

9.8 

8.3 

15.8 

128 

20. 

8. 

8. 

2818 

281.2 

6.3 

18.8 

651.15 
7.2 
11.1 
12. 


681.41 


From  this  should  be  subtracted  the  296grms.  water,  which  are  pro- 
duced by  the  union  of  hydrogen  and  oxygen  in  the  body  during  the 
process  of  oxidation  (*.  c,  33  hydrogen  and  262  oxygen).  There  are  20 
grms.  of  salts  got  rid  of  by  the  urine,  and  6  by  the  faeces;  total, 
32  grms. 

The  quantity  of  carbon  daily  lost  from  the  body  amounts  to  about 
281.2  gnus,  (nearly  4,500  grains),  and  of  nitrogen  18.8  grms.  (nearly 
300  grains),  and  if  a  man  could  be  fed  by  these  elements,  as  such,  the 
problem  would  be  a  very  simple  one;  a  corresponding  weight  of  char- 
coal and,  allowing  for  the  oxygen  in  it,  of  atmospheric  air,  would  be  all 
that  is  necessary.  But  an  animal  can  live  only  upon  these  elements 
when  they  are  arranged  in  a  particular  manner  with  others,  in  the  fonii 
of  such  food -stuffs  as  we  have  already  enumerated,  p.  285  et  seg. ;  more- 
over, the  relative  proportion  of  carbon  to  nitrogen  in  either  of  these 
compounds  alone  is,  by  no  means,  the  proportion  required  in  the  diet 
of  man.  Thus,  in  proteid,  the  proportion  of  carbon  to  nitrogen 
is  only  as  3.5  to  1.  If,  therefore,  a  man  took  into  his  body,  as  food, 
suffi(;ient  proteid  to  supply  him  with  the  needful  amount  of  carbon,  he 
would  receive  more  than  four  times  as  much  nitrogen  as  he  wanted; 
and  if  he  took  only  sufficient  to  supply  him  with  nitrogen,  he  would  be 
starved  for  want  of  carbon.  It  is  plain,  therefore,  that  he  should  take 
with  the  albuminous  part  of  his  food,  which  contains  so  large  a  relative 
amount  of  nitrogen  in  proportion  to  the  carbon  he  needs,  substances  in 
which  the  nitrogen  exists  in  much  smaller  quantities  relatively  to  the 

■  "*n. 
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X% ifl  therefore  evidenfc  that  the di^t  must  eouaist  of  several  substaoi^cs, 
of  one  alone. 

Many  valuable  observations  have  been  made  with  a  view  of  ascertain- 
^S'tig  tlie  effect  upon  the  metabolism  of  a  variation  in  the  amount  and 
j^iure  of  food.     These  are  of  great  aasist^ioce   in   the  coDsideration  of 
stetics* 
JCfftcU  of  Deprivathn  uf  Fmnh — The  animal  bodv  deprived  of  all  food 
the  course  of  a  variable  time  dies  from  siarvatiuii.     14ie  Knigtli  of 
Ime  tliat  auy  given  animal  will  live  in  sueb  a  condition   ilepends  upon 
\x\y  circamstiinces;  the  chief  may  he  BUppose<l  to  be  the  nature  ami 
Estivity  of  the  metaboliBm  of  Ws  tissues. 

The  effect  of  i^iarvatiun  on  the  lower  animals,  as  recorded  by  various 
Kperimenters  is: — (1.)  One  of  the  moat  notable  effects  of  starvation,  as 
light  be  expected,  is  hsn  nf  vmghi  ;  the  loss  being  greatest  at  first,  as  a 
lie,  but  afterward  not  varying  very  much,  day  by  day,  until  death 
les,     Chossat  found  that  the  ultimate  proportional  loss  was,  in  dif- 
ferent animals  experimented  on,  almost  exactly  the  same;  death  occur- 
rringwdien   t lie  body  had  lost  two- iiftbs  (forty  per  cent)  of  its  original 
weight,     DilTerent  part^  of  the  body  lose  weight  in  very  different  pro- 
'  portions.      The  following  most  noteworthy  losses  are  taken,  in  ronml 
:  numbers,  from  the  table  given  hy  Chossat: — 


Fat 

Blood      . 
Spleen 
Pkocreae 


^ 


03  per  cent. 

75 

71 

64 


Liver 

Nervous  tissues 


losers  53  per  ceut 
43 


These  figures  are  in  practical  agreement  with  those  of  later  e?fperi- 
Imenters.  They  show  that  the  chief  losses  are  sustained  by  the  udiptise 
'tissue,  the  mus^^'lea  and  glands. 

(2.)  The  effect  of  starvation  on  the  fempfirafn re  of  the  various  ani- 
mals experimented  on  by  Cbossat  wji8  very  distinct.  For  some  time  the 
variation  in  the  daily  temperature  was  more  marked  than  its  absolute 
^nd  continuous  diminution,  the  daily  fluctuation  amounting  to  *r  C  (5*  or 
F.),  instead  of  5'  to  I''  C.  (1°  or  2''  F.),  as  in  health.  But  a  short  time 
before  death, the  temperature  fell  very  rapidly,  and  death  ensued  when  the 
loss  had  amounted  to  about  Iff. 2^  C.  (IW  F.)-  It  has  l>een  often  said, 
and  with  truth,  although  the  statement  requires  some  qualification,  that 
death  hy  starvation  is  really  death  from  want  of  heat;  for  not  only  has  it 
been  found  that  differences  of  time  with  regard  to  the  period  of  the  fatal  re- 
sult are  attended  l>y  the  same  uUinuite  loss  of  heat,  but  the  effect  of  the 
application  of  external  warmth  to  animals  cold  and  dying  from  sttirvation, 
is  more  effectual  in  reviving  them  than  the  a<lministration  of  food. 

The  syrnpioms  produced  by  starvation  in  the  human  subject  are  hun- 
ger, accompanied,  or  it  may  be  re  placed  j  by  pain,  referred  to  the  region 
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of  the  stomach;  insatiable  thirst;  sleeplessness;  general  weakness  and 
emaciation.  The  exhalations  both  from  the  lungs  and  skin  are  foetid, 
indicating  the  tendency  to  decomposition  which  belongs  to  badly  nour- 
ished tissues ;  and  death  occurs,  sometimes  after  the  additional  exhaustion 
caused  by  diarrhoea,  often  with  symptoms  of  nervous  disorder,  deliriuni 
or  convulsions. 

In  the  human  subject  death  commonly  occurs  within  six  to  ten  days 
after  total  deprivation  of  food.  But  this  period  may  be  considerally 
prolonged  by  taking  a  very  small  quantity  of  food,  or  even  water  only. 
The  cases  so  frequently  related  of  survival  after  many  days,  or  even  some 
weeks,  of  abstinence,  have  been  due  either  to  the  last-mentioned  circum- 
stances, or  to  others  no  less  effectual,  which  prevented  the  loss  of  heat 
and  moisture.  Cases  in  which  life  has  continued  after  total  abstinence 
from  food  and  drink  for  many  weeks,  or  months,  exist  only  in  the  imag- 
ination of  the  vulgar. 

(3.)  During  the  starvation  period  the  excreta  diminish.  The  urea, 
as  representing  the  nitrogen,  falls  quickly  in  amount,  reaches  a  mini- 
mum and  remains  constant  at  this  point  for  several  days,  and  then  risa 
again  and  finally  falls  rapidly  immediately  before  death;  the  sulphate 
and  phosphates  undergo  much  the  same  form  of  reduction.  The  carbon 
dioxide  given  out  and  the  oxygen  taken  in  diminish.  The  tma^  dimin- 
ish, as  well  as  the  bile.  It  has  been  concluded  as  highly  probable  thai 
the  greiitor  part  of  the  urea  represents  the  loss  of  weight  of  the  muscieg. 

The  appearances  presented  after  death  from  starvation  are  those  of 
general  wasting  and  bloodlessness,  the  latter  condition  being  least  notice- 
able in  the  brain.  The  stomach  and  intestines  are  empty  and  contrartod, 
and  the  walls  of  the  latter  ajipear  remarkably  thinned  and  almost  trans- 
parent. The  various  secretions  are  scanty  or  absent,  with  the  exception 
of  the  bile,  which,  not  being  discharged,  usually  fills  the  gall- bladder. 
All  parts  of  the  body  rendily  decompose. 

In  starvation,  then,  we  see  that  the  only  income  consists  of  the  in- 
spired oxygen.  The  whole  of  the  energy  of  the  body  given  out  in  the 
direction  of  boat  and  mechanical  labor  is  obtained  at  the  expense  of  the 
using  up  of  its  own  tissues,  there  l)eing  as  a  result  a  constant  drain  of 
the  nitrogen  and  carbon,  not  to  mention  the  other  elements  of  which 
tlioy  are  made  up.  It  is  obvious  that  such  a  condition  cannot  be  en- 
dured for  any  length  of  time. 

Ejferf  of  a  P  rot  aid  Diet. — Experiments  have  been  made,  to  a  consider 
able  extent  upon  dogs,  which  demonstrate  the  effect  of  proteid  food. 
After  a  period  without  food,  during  which  the  output  of  nitrogen,  as 
shown  by  tlio  urea,  bad  diminished  to  a  certain  amount,  the  animal  is 
fed  with  a  diet  of  loan  meat  which  would  suffice  to  produce  the  amount 

nrea,  and  so  oi  ftcs\\,  \\\\\e\\  \\.  \\^^  \i^«t^\<^\\i^  <i>\TvcL^  v\&  ^taKvaitiQu 
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The  effect  of  this,  however,  is  at  onco  to  semi  uji  the  amnuiit 

of  uTvik  excreted  to  a  point  above  that  which  it  hiu?  bt'cu  previous  to  tlio 

oammeiioeinent  of  its  flesh  diet,  so  that  again  the  output  of  nitrogen 

tmdd  exceed  its  income,  and  the  weiglit  of  the  uuinuil  wouhl  euntinue 

I      tHawly  to  diminisli.     It  is  ouly  after  a  coiisiilerable  iucrease  of  the  th^h 

^■given  that  a  i^oint  is  reached  where  the  income  and  ex|K3nditure  are 

^■iqaal,  and  at  which  tho  uniuuil  in  not  using  up  quickly  or  slowly  the 

^^ttrogen  of  his  own  tissue,  atid  is  no  longt^r  losing  flesh.     Tliis  condition 

in  which  tho  nitrogen  of  the  ogesta  ei|uals  the  nitrogen  of  the  ingeeta  is 

I   JtQown  as  nitroffcHous  efjuilibnum.     In  the  dog,  according  to  Waller,  it 

^does  not  occur  until  the  amount  of  (Icish  of  the  food  is  over  three  tiujes 

AS  greal  as  would  bo  neceaaary  to  supply  the  nitrogen  of  tlie  urea  during 

A  period  of  starvation.     Thus  a  dog  excretes  during  a  atarvation  period 

rO»^   grms.  of  urea  i>er  kilo  of  body  weight;  in  order  to  satisfy  this  it 

ttild  be  necessary  to  administer  1,5  grnis.  per  kilo  of  meat;  this  at 
ac  incroaees  urea  excreted  to  about  (L75  grnin,  j>er  kilo  of  hody  wtfight, 
e1  nitrogenous  equ  ill  I  irtuui  is  not  attained  until  over  three  tiiuei*— viz., 
^  grmsL  per  kilo  of  Iwdy  weight  of  meat  is  given,  Foster  gives  even  a 
^^I'ger  figure.  The  effect,  therefore,  of  proteid  foot!  is  largely  to  increase 
^fcfl  excretion  of  urea,  which  indicates  increa^ie  of  the  metabolism  of  the 

It  must  not  be  thought  however  that  during  nitrogeiuma  equilibrium 
it* re  is,  of  necessity,  equilibrium  of  carbon.     On  tiie  euutrary,  it  is  very 
si  hie  that  the  carbon,  as  supplied  by  the  large  amount  of  meat,  is  not 
atirel?  eliminated,  but  luay  be  partially  retained  in  the  body.     If  re- 
lied in  the  body  it  is  probably  retained  in  the  fi^rru  of  fat,  all  hough 
sibly  it  might  Ije  retained  partially  as  some  ciurbohydrate,  e,g,,  gly- 
ogen;  but  the  amount  of  glycogen  olitaiucd  from  the  IxkIv  is  too  small 
&r  the  latter  to  be  appreciable.     The  animal  in  nitrogeiujus  equilib- 
oiiiii  therefore,  may  gain  weight,  although   not  in  the   form  of  tlosh, 
lOOQTerse  may  also  be  the  cast*,  tlie  minimal  getting  rid  of  more  carbon 
the  meat  supplies,  in  which  ca^^e  he  would  lose  weight  but  would 
"         sh. 
The  proteids  of  foo<l  arc  descril)ed  by  Foster  as  having  two  relations 
the  prot4iid  metubolism  aiul  to  outgoing  urea;  the  flrnt  part  going  to 
laintain  the  ordinary  and  quiet  metabolism  of  the  tissues,  for  which 
it  is  actually  built  up  into  their  molecule,  anil  the  second  part 
ag  a  more  rapid  formation  of  urea  and   rapiil  proteid  metabolism, 
never  forming  a  part  of  the  actual  protoplasmic  mulecnle.     The 
dT  proteids  are  called  morphotic  or  tissue  proteids,  the   hitter  circu- 
or  Jlmtiuij  proteids.      A  njcthod  by  which   the  latter  may  be 
diajiged  into  urea  has  already  been  suggested,  vis*,  that  they  are  oon- 
fiirtod  into  leucin  and  tyrosin,  carried  to  the  liver  and  converted  into 
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urea.  This  use  of  the  proteids  to  form  by  their  oxidation  beat  and  not 
to  produce  tissue,  was  looked  upon  by  the  older  physiologists  as  a1ra5t^ 
ful  use  of  good  material,  and  was  called  a  lums  consumption. 
•  The  condition  of  nitrogenous  equilibrium  {i.e.j  the  income  and  out- 
put  being  equal)  is  one  which  may  be  maintained  even  if  the  amonnto! 
proteid  taken  as  diet  far  exceeds  the  necessities  of  the  economy,  thenm 
being  excreted  in  excessive  amount,  and  the  wasteful  use  of  proteid  food 
which  is  so  common  may  not  be  attended  with  harmful  consequences, 
so  long  as  the  liver  is  able  to  do  its  work  in  the  formation  of  urea.  The 
body  may  or  may  not  increase  in  weight,  but  if  the  liver  strikes  work 
from  any  cause,  a  condition  of  lithiasis,  or  of  gout,  follows. 

Wo  have  before  had  occasion  to  remark  that  many  physiologists  think 
that  the  quicker  and  shorter  series  of  changes  of  proteid  into  urea,  by 
way  of  leucin  and  tyrosin,  only  comes  into  force  when  the  food  ooDtaiis 
an  excess  of  j)roteid. 

It  hiis  not  actually  been  proved,  but  it  is  not  nnlikely,  thatefenin 
the  condition  of  lithiasis,  the  nitrogen  of  the  ingesta  may  not  greatly 
exceed  that  of  the  egesta,  but  that  the  mode  of  elimination  is  different 
It  is  only  in  cases  of  growth  or  putting  on  of  flesh,  as  in  growing  chil- 
dren, that  nitrogen  is  retained  in  the  body,  except  to  a  very  small  amonnt, 
in  health. 

According  to  calculations  which  have  been  made,  it  appears  that 
the  body  puts  on  thirty  grammes  of  flesh  for  every  gramme  of  nitrogen 
so  rctiiined. 

As  regards  the  retention  of  carbon  in  the  body,  it  is  calculated  that 
one  gramme  and  a  half  of  weight  is  put  on  for  each  gramme  by  which 
the  ingesta  of  carbon  is  greater  than  the  egesta. 

Bjfecfs  of  FatH  and  Carbohydrates  as  Food. — Experiments  illustrating 
tlic  ill-ofTects  produced  by  feeding  animals  upon  one  or  two  alimentary 
substances  only  have  been  often  i)erformed. 

Do^^s  were  fed  exclusively  on  su^far  and  distiiled  water.  During  the 
first  seven  or  eight  days  they  were  brisk  and  active,  and  took  their  food 
and  drink  as  usual;  but  in  the  course  of  the  second  week  they  began  to 
got  thin,  although  their  appetite  continued  good,  and  they  took  daily 
between  six  and  eight  ounces  of  sugar.  The  emaciation  increased  during 
the  third  week,  and  they  became  feeble,  and  lost  their  activity  and  ap- 
petite. At  the  same  time  an  ulcer  formed  on  each  cornea,  followed  by 
an  escape  of  the  humors  of  the  eye:  this  took  place  in  repeated  experi- 
ments. The  animals  still  continued  to  eat  three  or  four  ounces  of  sugar 
daily;  but  became  at  length  so  feeble  as  to  be  incapable  of  motion,  and 
died  on  a  day  varying  from  the  thirty-first  to  the  thirty-fourth.  On  dis- 
section their  bodies  presented  all  the  appearances  produced  by  death  from 
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starration;  indeed,  dogs  will  live  almoet  the  same  length  of  time  without 
any  food  at  all. 

When  dogB  were  fed  exclusively  on  ^um^  results  almost  similar  to  the 
above  enMied.  When  they  were  kept  ou  oUve-ml  und  iva(rr\  all  the 
phenomena  produced  were  the  same,  except  Unit  no  uloenition  of  the 
cornea  took  place;  the  effecte  were  also  the  same  with  batter.  The  ex- 
periments of  Chossat  and  Ijetellier  prove  the  same;  und  in  men,  the 
eamo  is  ah  own  by  the  varioos  diseasc*ji  to  which  those  who  coosiime  hut 
little  nitrogenous  food  are  liable,  mid  especiully  Ity  the  nfTertiou  of  tlie 
cornea  which  is  observed  in  Hindus  feedin|!^  ul most  exclusively  on  rice. 
It  has  been  found  too  tliat  ifehttiu  alone  soon  ceases  to  be  nutritive, 

Efccl  of  im  much  FomL — All  the  throe  classes  of  food*stuils  men* 
tlotied — fats,  ciirbohyd rates  and  geh^tin — have  their  distinct  uses  when 
coTnbined  with  proteids.  A  snudl  mnonnt  of  fut  or  a  larger  umuunt  of 
Hiohydrate  (starch  or  sugar)  added  to  some  proteid  diminishes  the 
lounl  of  proU^id  rerpiired  before  nitrogenous  equiltbrium  is  uititined 
(in  a  dog  t<i  the  extt*nt  of  5i)  per  cent  or  niore)»  but  if  either  fat  or 
irbohydrate  exceed  a  certain  minimum  it  is  retained  in  the  body  m  fat.* 
^f  the  proteid  be  increased,  the  metalwlism  is  inereiisetl  likewise,  and  so 
^»t  may  not  be  deposited,  even  if  the  carbohydrate  of  the  diet  be  exces- 
sive. It  is  even  poesible  that  some  of  the  already  stored-up  fat  may  be 
Used  np,  and  so  loss  of  weight  (fafc)  might  result. 

Persistent  excess  of  carbohydrate  food  produces  an  accumnhition  of 
lat»  which  may  not  only  be  an  inconvenience  cansing  olx^sity,  hut  nuiy 
iaterfere  with  the  proper  nutrition  of  muscles,  and  a  feebleness  of  the 
action  of  the  hoirt,  with  other  troubles.  Stanches  when  taken  in  great 
aceas  are  almost  certain  to  give  rise  to  dyspepsia,  with  acidity  und  flat- 
ulence. Excess  of  starch  or  of  sugar  in  the  food  may^  however,  be  got 
rid  of  by  the  urine  in  the  form  of  sugar.  There  is  evidently  a  limit  to 
the  absorption  of  fat  as  well  as  of  starch,  since  if  in  excessive  amount 
they  may  apix?ar  in  the  fan^es. 

Gehtlin  may  in  part  replace  the  prot4?id  of  food,  and  may  be  cconom- 
icall}*  U8e<l  with  proteid  to  produce  nitrogenous  eqnilibrinnK  It  has 
beonaagg^ted  that  gelatin  will  take  the  place,  as  ir.  were,  of  the  floating, 
but  not  of  tlie  morphotic  protei^ls. 

PepUmejior  Prntrnmes  may, according  to  some,  take  the  place  of  proteids 
as  food,  whereas,  according  to  others,  they  act  simply  in  the  same  way 
as  gelatin. 

•  Ttie  result  of  rariuus  feeding  ©xperi men t**,  e.g.,  oftlteniilcU  coW  fed  upon 
grmaa.  havt?  proved  b<»yoij(1  all  doulit  that  fat  is  funned  by  the  tissues  chiefly  from 
cmrbohydrate  foo^i,  hut  tt>  a  less  extent  from  proteitla.  Fatty  footls,  even  if  they 
itidirf^tly  lead  to  the  deposition  of  fata,  are  not  as  fiiicli  deposited  in  the  tisBues, 
Tjit  is  everywhere  in  the  body  an  effect  of  actual  protoplasmic  metabolism* 
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That  mlts  are  necessary  as  food  is  proved  by  the  presence  of  scnrry 
when  they  are  not  present,  and  we  know  that  there  is  a  consant  excr^ 
tion  of  chlorides,  phosphates  and  sulphates  in  the  urine,  so  that  in  order 
to  balance  the  income  and  output,  these  salts  in  combination  with 
sodium,  potassium,  calcium,  etc.,  must  be  taken  in. 

The  necessity  for  the  taking  in  of  water ^  in  order  to  balance  the  ex 
cretiou,  is  sufficiently  obvious. 

To  summarize  what  has  been  said: — 

Proteid. — i.  If  the  nitrogen  of  the  income  is  loss  than  that  of  the 
output,  the  animal  loses  flesh  and  starves,  gradually  or  quickly,  accord- 
ing to  the  extent  of  the  deficiency. 

ii.  If  the  nitrogen  of  the  income  be  evenly  balanced,  the  proteid 
being  only  just  sufficient,  the  animal  does  not  lose  flosh,  but  may  increase 
or  diminish  in  weight  (fat). 

iii.  If  the  nitrogen  of  the  ingesta  exceed  that  of  tlio  egesta,  the  ex- 
cess is  mainly  retained  in  the  form  of  flesh. 

iv.  If  the  proteid  be  in  great  excess,  although  there  be  a  condition 
of  nitrogenous  equilibrium,  there  may  be  increase  in  weight,  bntalaoa 
likelihood  of  gout  and  similar  affections. 

Fatty  and  Carbohydrate  Foods  are  of  no  use  either  together  or  sepa- 
rately  without  the  addition  of  the  other  food-stuffs.  In  moderation, 
either  may  diminish  the  amount  of  proteid  necessary  to  produce  nitro- 
genous equilibrium.  If  the  quantity  of  either  be  increased  beyond  a 
certain  amount,  it  is  retained  in  the  body  in  form  of  fat  (and  partly, 
perhaps,  in  the  case  of  the  carbohydrate,  as  glycogen).  If  in  great  ex- 
coHs,  disorders  of  digestion  occur.  Fats  have  more  potential  energy  than 
carbohydrates,  but  are  less  digestible.  Fatty  foods  need  more  oxygen 
than  carbohydrates  when  they  are  used  up  in  the  body, 

(rflatin  will  not  entirely,  but  will  partly  replace  the  proteid  in  a  ditt. 

Pi'ptoncs  and  Proteoses  will  in  part  replace  proteids. 

Salts  of  sodium,  potiissium,  calcium,  etc.,  are  necessary  in  fofxl, 
the  chlorides,  i)hosphate8  and  sulphates,  and  possibly  the  citrates,  being 
the  most  important  of  those  required. 

Water  is  absolutely  essential  to  life — an  animal  will  not  survive 
•lci)rivatiou  for  longer  than  a  few  days. 

Requisites  of  a  Normal  Diet. 

It  will  have  been  understood  that  it  is  necessary  that  a  normal  diet 
should  1)0  be  made  uj)  of  various  articles,  that  they  should  be  well  cooked, 
and  that  they  should  contain  about  the  same  amount  of  carbon  and  ni- 
tro,i;:en  as  arc  got  rid  of  by  the  excreta.  No  doubt  these  desiderata  may 
bo  satisfied  in  many  ways,  and  it  would  be  unreasonable  to  expect  the 
diet  of  every  adult  to  bo  uu\akX^\\\^,    T\v^  ^'^^  «jwl^  %tt^n.^tb^  and  cir- 
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1066  of  each  indiTidual  must  ultimately  determine  what  he  takes 

I  food.     A  dinner  of  bread  and  cheese  with  an  onion  contains  all  the 

lisites  for  a  meal,  but  such  diet  would  be  suitable  only  for  those  pos- 

l§mmxkg  strong  digestiTe  powers.     It  is  a  well-known  fact  that  the  diet 

^  tf  the  continental  nations  differs  from  that  of  our  own  country,  and 

f-llMit  of  oold  from  that  of  hot  climates,  but  the  same  principle  underlies 

iHbem  all,  viz.,  the  replacement  of  the  loss  of  the  excreta  in  the  most 

|i  Mnyenient  and  economical  way  possible.     Without  going  into  detail  in 

Jhe  matter  here,  it  may  be  said  that  anyone  in  actiTe  work  requires  more 

I'.ftiod  than  one  at  rest,  and  that  children  and  women  require  less  food 

ttuui  do  adult  men. 

Of  the  various  diet-scales  which  have  been  drawn  out  with  the  object 
;  40C  flapplying  the  proximate  principles  in  the  required  proportions,  the 
fovegoing  is  slightly  modified  from  Moleschott: — 

Dry  Food—  N.  c. 

Pftyteid        .     120grms.  (4.282  oz.)  supplying  18.88  grms.  64.18  grms. 

Flat      .        .      90    "  (8.174  oz.)        ^  70.20      " 

Carbohydrate  820    **  (11.64  oz.)        "  146.82      - 

N.  18.88       C.  281.2 
Salts     .        .    80    "        (nearly  1  oz.) 
Water  .    .    2800    - 

4         Two  other  diet-scales  may  be  mentioned,  which  are  often  quoted, 

Rankb's  Diet-Scale. 

Proteid 100  grms. 

FatB 100     ** 

Carbohydrates 250     ** 

Salts 25     ** 

Water 2600     ** 

Pbttenkofeb  ft  Vorr*s  Diet-Scale  is  as  follows  :— 

Proteids 118  to  187  grms. 

Fats 56  to  117     « 

Carbohydrates 852  to  500     ** 

Salts 

Water 2016  grms. 

The  amount  of  the  excreted  carbon  and  nitrogen  is  not,  of  course, 
always  the  same,  it  having  been  unfortunately  proved  possible,  for  example, 
to  sabsist  on  9  or  10  grms.  of  nitrogen  and  200  grms.  of  carbon  per 
diem  (the  ordinary  diet  for  needle- women  in  London,  and  the  average  of 
the  cotton  operatives  in  Lancashire  during  the  famine,  1862),  the 
amoant  of  these  elements  excreted  falling  to  figures  corresponding  to 
each  an  income.  Of  course,  upon  such  a  diet  the  metabolism  is  low, 
and  persistent  weakness  must  be  the  result. 

The  9  or  10  grms.  of  N  in  such  a  semi-starvation  diet  would  be 
equivalent  to  58.5  to  65  grms.  of  proteids,  whereas  the  amount  of  pro- 
S3 
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teids  in  some  diets  may  be  as  high  as  150-159  grms.  per  diem  (Eng^ 
navvies),  or  165  gras.  (Munich  brewers'  men).  The  English  uA 
Bavarian  soldier  in  time  of  peace  consumes  126  grms.  of  proteid  per 
diem  (4.4  oz.). 

Not  only  the  proteids  but  also  the  fats  may  vary ;  the  amount  may  be 
as  low  as  56  grms.  and  as  high  as  117  grms.  The  carbohydrates  naj 
vary  from  200  grms.  to  500  grms.  and  upward.  Sometimes,  with  t 
small  proportion  of  fat,  the  carbohydrate  may  be  correspondingiy 
increased  to  make  up  the  necessary  carbon.  A  useful  table  after  Pajen 
will  help  to  show  in  what  ways  it  is  possible  to  obtain  the  requisite 
amount  of  nitrogen  and  carbon  from  the  most  common  food-stufb. 

In  100  parts  of  the  following  substances  the  proportion  of  X  and  C 
is  indicated : 


N. 

C. 

K. 

c 

Beef  (without  bone 

8 

11 

Oatmeal 

.    i.ds 

44 

Roast  Beef  . 

3.528 

17.76 

Bread 

1 

28 

Eggs 

1.9 

18.5 

Potatoes 

.       .88 

11 

Ck>w'8  Milk 

.       .66 

8 

Eels  . 

2 

30 

Cheese     . 

2to7 

85  to  71 

Mackerel 

.     8.74 

19.26 

Beans  . 

4.5 

42 

Sardines  in  oil 

6 

29 

Lentils    . 

4.1 

48 

Butter   . 

.       .64 

83 

In  order  to  obtain  the  amount  of   proteid  present  from  the  proportion  d 
nitrogen,  multiply  by  6.5. 

From  these  data  it  is  possible  to  form  various  diet-scales  which  shaD 
supply  the  needs  of  different  conditions.  Assuming  that  the  average 
amount  of  carbon  and  nitrogen  required  is  about  300  grms.  and  20  grms. 
respectively,  this  may  be  obtained  as  follows: — 

N  C 

840  grms.    |  ^\^^'  avoirdupois  |  j^^  uncooked  meat*  lOgi^ms.        37  gims. 
906      "         (32  oz.  or  2  lbs.  avoirdujwis)  bread    .         .     9    "  252     - 

19  grms.       289  grms. 

But  this  diet  is  not  a  usual  one;  a  certain  proportion  of  the  carbon 
is  usually  supplied  as  butter,  or  bacon,  and  so  if  90  grms.  (3.1  oz.)  of 
butter  or  bacon  be  used  they  would  supply  about  72  grms.  of  carbon,  and 
the  carbohydrate  would  be  diminished  nearly  one- third;  but  the  nitro- 
gen would  also  be  diminished  from  9  grms.  to  6  grms.  It  would  be 
necessary  to  supply  some  extra  nitrogenous  principle,  and  this  might 
be  done  by  the  addition  of  eggs,  milk,  cheese,  beans,  or  of  any  of  the 
food-stufFs  already  enumerated  at  p.  286  et  seq.^  as  supplying  nitrogenous 
food  chiefly.  For  example,  56  grms.  (2  oz.)  cheese,  would  supply,  on 
an  average,  3  grms.  nitrogen  and  20  grms.  carbon ;  or  28  grms.  cheese, 
supplying   1.5  grms.   nitrogen  and  about   10  grms.    carbon,  and  225 

*  As  meat  loses  23  to  34  ner  cent  on  cooking,  the  weight  of   cooked  meat 
would  be  proportionately  be  \esst^ 
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^jgaoB.  (i  lb.)  potatoes,  and  225  grms.  (^  lb.)  carrots,  supplying  together 
^idMmt  1  grm.  of  nitrogen  and  35  grms.  of  carbon.     The  diet  would  then 


1 


Mid  as  folio  ws:— 

J                                                                                                                     N.  C. 

S40  grms.  lean  uncooked  meat         ...  10  grms.  87  grms. 

•00  "  Bread            6      "  168  ** 

00  "  Butter 5  "  72  ** 

26  "  Cheese          .....             1.5  **  10  - 

8S5  "  Potatoes   )  i      ^  rk  ** 

885  -  CarrotB     J ^  ^ 

N   19  C.  822 

The  salts,  oTer  30  grms.,  would  be  supplied  by  the  meat  16  grms., 
bread  12  grms.,  and  vegetables  about  4  grms.  The  fluids  should 
;^  ^Kmsist  of  about  2,500-2,800  grms.,  and  might  be  given  as  water,  with 
[  <Hr  without  tea,  coffee,  or  cocoa  (which  are  chiefly  stimulants),  together 
^    with  a  small  proportion  of  alcohol. 

^  Variations  in  Diet  Tables. 

<r 

T  '        .Fbr  infancy. — Milk  affords  a  natural  and  perfect  diet  for  infants. 

^  The  amount  which  an  infant  during  the  first  month  should  take  is  not 

w^  less  than  1  kilogramme  (2|^lbs.)  per  diem.     In  1,000  grms.  there  would 

|£  be  about  6.6  grms.  nitrogen  and  80  to  90  of  carbon.     This  allows  for  a 

m  gain  of  weight  of  2  to  5  oz.  in  the  time. 

f  For  climate. — Very  slight  alteration  is  necessary.     For  warm  climates, 

aUghtly  increase  the  carbohydrates. 

For  hard  labor. — All  the  articles  of  diet  should  be  increased  to  make 

up  for  the  increased  metabolism. 

Fattening  diet. — In  such  a  diet  an  excess  of  carbohydrates  should  be 

present. 

To  reduce  obesity. — The  fats  and  carbohydrates  should  be  diminished, 

but  the  proteids  should  be  relatively  increased. 

To  ifwrease  muscle. — It  has  been  found  that  a  diet  consisting  largely 

of  proteids  in  considerable  amount  combined  with  such  passive  exercise 

18  that  obtained  by  massage,  will  cause  the  body  to  put  on  flesh. 

For  training. — The  whole  diet  should  be  increased,  possibly  preceded 

by  a  diet  in  which  the  proteid  is  in  excess. 

^         For  brain  work. — The  chief  essential  is  that  the  diet  should  consist  of 

^    easily  digestible  materials. 

^  Income  and  Output  of  Energy. 

"^  The  food  must  be  considered  from  another  point  of  view  in  addition 

"^    to  that  from  which  we  have  been  considering  it.     It  not  only  makes 

up  for  the  sabstanceB  eliminated  from  the  body,  but  it  also  supplies 
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potential  energy  to  balance  the  energy  set  free  in  the  liTing  bodj« 
heat  and  morement.  The  amoont  of  heat  is  measared  in  ternu «{ 
calories,  as  has  been  already  pointed  ont.  The  work  done  may  be  a* 
pressed  in  terms  of  foot-poands,  (see  p.  191)  (English  system),  or  metn- 
grammes,  or  metre-kilogrammes  (metric  system).  The  calories mtjifai 
be  expressed  in  terms  of  work,  as  heat  is  also,  as  has  been  said,  a  msk 
of  motion.  The  heat-anit  Ca,  may  be  transformed  into  the  metrie 
work-unit  by  moltiplying  by  42  and  diriding  by  1000,  and  tbeconTOBt 

Manifestations  of  Force  in  the  form  either  of  Heat  or  Jfotion.—h  the 
former  case  (Heat),the  combostion  most  be  sufficient  to  maintain  a  tem- 
perature of  about  37.8*  C.  (100^  F.)  throughout  the  whole  substance  o( 
the  body,  in  all  varieties  of  external  temperature,  notwithstaDding  tba 
large  amount  continually  lost  in  the  ways  preyiously  enumerated.  Ii 
the  case  of  Motion,  there  is  the  expenditure  inTolved  in  the  (a)  Oidi- 
nary  muscular  movements,  as  in  Prehension,  Mastication,  Locomotioa, 
and  numberless  other  ways:  as  well  as  in  (b)  Various  involuntary  moTe> 
ments,  as  in  R^piration,  Circulation,  Digestion,  etc. 

Manifestation  of  Nerve-force;  as  in  the  general  regulation  of  all 
physiological  processes,  e.g,^  Respiration,  Circulation,  Digestion;  and 
in  Volition  and  all  other  manifestations  of  cerebral  activity. 

The  energy  expended  in  all  physiological  processes^  e.g.  ^'Sntntiim^ 
Secretion,  Growth,  and  the  like. 

The  total  expenditure  or  total  manifestation  of  energy  by  an  animal 
body  can  be  measured,  with  fair  accuracy.  All  statements,  howeTer, 
must  be  considered  for  the  present  approximate  only,  and  especially  ig 
this  the  case  with  respect  to  the  comparative  share  of  expenditure  to 
be  assigned  to  the  various  objects  just  enumerated. 

The  amount  of  energy  daily  manifested  by  the  adult  human  body 
in  (a)  the  maintenance  of  its  temperature;  (b)  in  internal  mechani- 
cal work,  as  in  the  movements  of  the  respiratory  muscles,  the  heart, 
etc. ;  and  (c)  in  external  mechanical  work,  as  in  locomotion,  and  all 
other  voluntary  movements,  is  made  up,  according  to  McKendrick,  as 
follows : — 

Meb%-  OFamme- 

kUogrammeB.  calories. 

Work  of  heart  per  diem      ...        88, 000 
Work  of  respiratory  muscle  .        .  14,000 

Eight  hours'  active  work  .        .      213,844 


315.884  or  748,000 

Amount  of  heat  produced  in  24  hours   1,582.700  or       8,724,000 


1.8»8,084or       4,467,000 

So  that  4.  467  kilogramme  calories  represent  the  total  energy  manifested  in 

24  hours,  8  of  which  were  employed  in  mechanical  work,  one-sixth  of  the 

atal  energy  being  work.    Th\&  eatvm&tioo.  Qonftiderably  exceeds  those  of  others. 


NUTRITION   AND   DIET.  517 

md  tbe  most  general  view  is  that  the  total  energy  exhibited  in  34  hours  by 
^pi  mwerwLge  adult  is  rather  under  than  over  1,000, 000  kilog.  metres. 
i.  Ikking  the  diet-scale  as  given  above  (modified  from  Moleschott) »  we  may 
MS  how  this  supplies  the  energy  which  is  given  out,  remembering  that  1  grm. 
ipntoid  =:  6,000  to  5,600  calories ;  minus  the  value  of  i  grm.  urea  =  700  or  800 
iHdorieft.  =  say  4,600;  Igrm.  fat  =  9,000  calories;  and  Igrm.  carbohydrate  = 
ftMO  calories. 

Gramme- 
calories. 

IdO  grms.  Proteid  at  4,600  per  grm.  =      544,500 

90     "^       Fat  at  9,000  per  grm.  =      810,000 

880     "        Carbohydrate  at  4000  per  grm.    =  1.820,000 

C  2,694,500 

^  Or  nraghly,  2,694  kilog.  calories,  equivalent  to  1,144,950  metre-kilogrammes 
|SM  mMBggy.  This  shows,  although  the  calculation  is  only  rough,  that  the  diet 
ijirtldch  from  other  reasons  was  considered  to  be  correct  contains  the  potential 
to  set  free  one  million  metre-kilogrammes  of  kinetic  energy,  and  to 
I  a  fair  margin  for  errors  of  calculation. 

To  the  foregoing  amounts  of  expenditure  must  be  added  the  quite 
^  vnknown  quantity  expended  in  the  various  manifestations  of  nerve-force, 
muA  in  the  work  of  nutrition  and  growth  (using  these  terms  in  their 
widest  sense).  By  comparing  the  amount  of  energy  which  should  be 
produced  in  the  body  from  so  much, food  of  a  given  kind,  with  that 
vhich  is  actually  manifested  (as  shown  by  the  various  products  of  com- 
Imation,  in  the  excretions),  attempts  have  been  made,  indeed,  to  estimate, 
hj  »  process  of  exclusion,  these  unknown  quantities;  but  all  such  calcu- 
htionfl  must  be  at  present  considered  only  very  doubtfully  approximate. 
Sources  of  Error. — Among  the  sources  of  error  in  any  such  calcula- 
tions  as  the  one  above  given  must  be  reckoned,  as  a  chief  one,  the, 
at  present,  entirely  unknown  extent  to  which  forces  external  to  the  body 
(mainly  heat)  can  be  utilized  by  the  tissues.  We  are  too  apt  to  think 
tiiat  the  heat  and  light  of  the  sun  are  directly  correlated,  as  far  as  living 
beings  are  concerned,  with  the  chemico-vital  transformations  involved 
in  the  nutrition  and  growth  of  the  members  of  the  vegetable  world  only. 
But  animals,  although  comparatively  independent  of  external  heat  and 
other  forces,  probably  utilize  them,  to  the  degree  occasion  offers.  And 
although  the  correlative  manifestation  of  energy  in  the  body,  due  to  ex- 
ternal beat  and  light,  may  still  be  measured  in  so  far  as  it  may  take 
the  form  of  mechanical  work ;  yet,  in  so  far  as  it  takes  the  form  of  ex- 
penditure in  nutrition  or  nerve-force,  it  is'evidently  impossible  to  include 
it  by  any  method  of  estimation  yet  discovered;  and  all  accounts  of  it 
must  be  matters  of  the  purest  theory.  These  considerations  may  help 
to  explain  the  apparent  discrepancy  between  the  amount  of  energy  which 
is  capable  of  being  produced  by  the  usual  daily  amount  of  food,  with 
that  which  is  actually  manifested  daily  by  the  body;  the  former  leaving 
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bat  a  Bmall  margin  for  anything  beyond  the  maintenance  of  heat,  s^ 
mechanical  work. 

It  is  of  much  interest  to  consider  the  way  in  which  protoplasm  ac^ 
in  converting  food  into  energy  plus  decomposition  products.     It  is  oertaii 
that  the  substance  itself  does  not  undergo  much  change  in  the  proooi 
except  a  slight  amount  of  wear  and  tear.     We  may  assume  that  it  igflii 
property  of  protoplasm  to  separate  from  the  blood  the  materials  utiA 
it  may  require  to  produce  secretions,  in   the  case  of  the  protoplasm  ei 
secreting  glands,  or  to  enable  it  to  eTolve  heat  and  energy,  as  in  tlie 
case  of  the  protoplasm  of  muscle.     The  properties  of  the  protoplasm  in 
very  possibly  differently  developed  in  each  case,  and  the  decompogitioa 
products,  too,  may  be  different  in  quality  or  quantity.     Proteid  materiili 
appear  to  be  specially  needed,  as  is  shown  by  the  invariable  presence  o( 
urea  in  the  urine  even  during  starvation ;  and  as  in  the  latter  case  then 
has  been  no  food  from  which  these  materials  could  have  been  derired, 
the  urea  is  considered  to  be  derived  from  the  disintegration  of  the  nitro- 
genous tissues  themselves.     Which,  if  not  all,  of  the  three  varieties  ol 
proteid  of  the  blood,  viz.,  serum-albumin,  serum-globulin,  and  fibrino- 
gen,  is  necessary  for  muscular    metabolism   is  not   certainly  known, 
opinion  appears  to  incline  toward  the  first  as  the  most  important    The 
removal  of  all  fat  from  the  body  in  a  starvation  period,  as  the  first  appar- 
ent change,  would  lead  to  the  supposition  that  fat  is  also  a  speciallj 
necessary  pabulum  for  the  production  of  protoplasmic  energy;  and  the 
fact  that,  as  mentioned  above,  with  a  diet  of  lean  meat  an  enonnooi 
amount  appears  to  be  required,  suggests  that  in  that  case  protoplasm 
obtains  the  fat  it  needs  from  the  proteid  food,  which  process  must  be 
evidently  a  source   of   much   waste  of  nitrogen.      The   fat  which  is 
deposited  in  the  tissues  has  for  its  origin,  as  we  have  before  remarked, 
in  great  part  carbohydrate  food,  and  is  looked  upon  as  a  store  of  carbo- 
naceous material;  it  has  been  suggested  that  as  it  leaves  the  tissue  to  be 
used  up,  it   is   reconverted   into  a  carbohydrate,  viz.,  dextrose.     Salts 
appear  to  be  absolutely  essential  for  protoplasmic   life.     The  idea  that 
proteid  food  has  two  destinations  in  the  economy,  viz.,  to  form  organ  or 
tissue  proteid  which  builds  up  organs  and  tissues,  and  circulating  pro- 
teid, from  which  the  organs  and  tissues  derive  the  materials  of  their 
secretions  or  for  producing  their  energy,  is  a  convenient  one,  but  cannot 
be  said  to  rest  upon  any  very  certain  facts.     Except  in  the  possible  case 
of  the  appearance  of  leucin  and  tyrosin  in  pancreatic  digestion,  already 
fully  discussed,  it  must  not  be  looked  upon  as  more  than  a  convenient 
hypothesis. 

One  question  which  has  been  little  considered  by  physiologists,  is 
what  relationship,  if  any,  there  is  between  each  tissue  and  the  waste  pro- 
ducts of  other  tissues,  or  perhaps  it  should  be  said,  the  products  of  the 
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VMrtmboliam  of  other  tissues.  It  is  not  known  whether,  as  the  result  of 
tbm  katabolism  of  one  tissue,  products,  proteid  or  otherwise,  are  not 
jalron  up  by  the  blood  and  carried  to  other  tissues,  supplying  exactly 
Iftat  is  necessary  for  their  complete  anabolism ;  whether,  for  example, 
llrpKoteid  residue  does  not  arise  from  the  metabolism  of  muscle  which 
Itovj  be  used  further  by  glands.  One  step,  at  all  events,  in  this  direction 
ftMi  been  taken;  it  has  been  suggested  that  the  sarco-lactic  acid  contin- 
pttllj   produced  by  muscle  is  carried  to  the  liver,  either  to  be  converted 

into  glycogen,  or  by  its  influence  on  the  hepatic  cells  to  cause 

to  store  up  that  substance. 

It 


CHAPTER  XV. 

THE  PRODUCTION  OF  THE  VOICE. 

Bepohe  eommencing  the  consideration  of  the  Nerroos  system  ml 
the  Special  Senses  it  will  be  cooYenient  to  consider  first  speech,  th« 
production  of  the  human  voice,  and  the  physiology  of  the  Lsrjiii 
generally. 

The  Larynx. — In  nearly  all  air-hreathing  vertebrate  animalt  then 
are  arrangements  for  the  production  of  sound,  or  voice^  in  some  pirtatif 


Otmiamin: 
Oozi»a.j|i«J' 


Doniaiiip» 


Out:  exicoldet. 
lif ;  edoo-tneliCMe. 

Out;  tnbclaiAK  ^. 


flff.  Ml.— Tbe  Lurnx,  aa  Men  from  ttie  &ooi.  Bho^ing  tl)«  oftrtllA«Q0  ftnd  Ugmmenls,    tte mm- 
clea,  with  the  exceptloo  of  one  cricu'ihyroid,  are  cut  off  short     CBtoeriL) 


the  respiratory  apparatus.  In  many  animals,  the  sound  admits  of  being 
variously  modified  and  altered  during  and  after  its  production;  and,  in 
man,  one  such  modification  occurring  in  obedience  to  dictates  d  Uu 
cerebmmj  is  speech. 

It  has  been  proved  by  observations  on  living  subjects,  by  meaais  of 
the  larjmgoscope  (p.  519),  as  well  as  by  experiments  on  the  laryni  taken 
from  the  dead  body,  that  the  sonnd  of  the  human  voice  is  the  result 
the  vibration  of  the  inferior  laryngeal  ligaments,  or  the  true  vo«l 
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CMrda  which  bound  the  glottis^  caused  by  currents  of  expired  air  impelled 
orer  their  edges.  If  a  free  opening  exists  in  the  trachea,  the  sound  of 
the  voice  ceases,  but  it  returns  if  the  opening  is  closed.  An  opening 
into  the  air-passages  above  the  glottis,  on  the  contrary,  does  not  prevent 
the  voice  being  produced.  By  forcing  a  current  of  air  through  the 
lurynx  in  the  dead  subject,  clear  vocal  so«nds  are  elicited,  though  the 
epiglottis,  the  upper  ligaments  of  the  larynx  or  false  vocal  cords,  the 
▼entricles  between  them  and  the  inferior  ligaments  or  true  vocal  cords, 
and  the  upper  part  of  the  arytenoid  cartilages,  be  all  removed;  provided 
the  true  vocal  cords  remain  entire,  with  their  points  of  attachment, 
and  be  kept  tense  and  so  approximated  that  the  fissure  of  the  glottis  may 
be  narrow. 

The  vocal  ligaments  or  cords,  therefore,  are  regarded  as  the  proper 
organs  for  the  production  of  vocal  sounds:  the  modifications  of  these 
•Donds  being  effected,  as  will  be  presently  explained,  by  other  parts, 
viz.,  by  the  tongue,  teeth,  lips,  etc.  The  structure  of  the  vocal  cords 
is  adapted  to  enable  them  to  vibrate  like  tense  membranes,  for  they  are 
eesentially  composed  of  elastic  tissue;  and  they  are  so  attached  to  the 
cartilaginous  parts  of  the  larynx  that  their  position  and  tension  can  be 
variously  altered  by  the  contraction  of  the  muscles  which  act  on  these 
parts. 

Thus  it  will  be  seen  that  the  larynx  is  the  organ  of  voice.  It  may 
be  said  to  consist  essentially  of  the  two  vocal  cords  and  the  various  car- 
tilaginous, muscular,  and  other  apparatus  by  meaus  of  which  not  only 
can  the  aperture  of  the  larynx  (rima  glottidis),  of  which  they  are  the 
lateral  boundaries,  be  closed  against  the  entrance  and  exit  of  air  to  or 
from  the  lungs,  but  also  by  means  of  which  the  cords  themselves  can  be 
stretched  or  relaxed^  brought  together  and  separated  in  accordance  with 
the  conditions  that  may  be  necessary  for  the  air  in  passing  over  them,  to 
set  them  vibrating  to  produce  the  various  sounds.  Their  action  in 
respiration  has  been  already  referred  to. 

Anatomy  of  the  Larynx. — The  principal  parts  entering  into  the  formation  of 
the  larynx  (figs.  842  and  848)  are — the  thyroid  cartilage ;  the  cricoid  cartilage ; 
the  two  arytenoid  cartilages;  and  the  two  true  vocal  cords.  The  epiglottis 
(fig.  848) ,  has  but  little  to  do  with  the  voice,  and  is  chiefly  useful  in  protect- 
ing the  upper  part  of  the  larynx  from  the  entrance  of  food  and  drink  in 
deglutition.  It  also  probably  guides  mucus  or  other  fluids  in  small  amount 
from  the  mouth  around  the  sides  of  the  upper  opening  of  the  glottis  into  the 
pharynx  and  oesophagus:  thus  preventing  them  from  entering  the  larynx. 
The  false  vocal  cords  and  the  ventricle  of  the  larynx,  which  is  a  space  between 
the  false  and  the  true  cord  of  either  side,  need  be  here  only  referred  to. 

Cartilages, — (a)  The  thyroid  cartilage  (fig.  842,  1  to  4)  does  not  form  a  com- 
plete ring  around  the  larynx,  but  only  covers  the  front  portion.  (&)  The 
crieaid  cartilage  (fig.   842,  5,  6) ,  on  the  other  hand,  is  a  complete  ring ;  the 
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back  part  of  the  ring  being  much  broader  than  the  fronts  On  the  tofi  of  tkh 
broad  portion  of  the  cricoid  are  (c)  the  arytenoid  cartilages  (fig,  W2*  Tj.  tti 
connection  between  the  cricoid  below  and  arytenoid  cartilages  aboTe  being  a  join 
with  iynoYial  membrane  and  ligaments,  the  latter  permitting  lolenht?  tm 


m^ 


Y\«.  S42.  — C*rtil&jCB8  of  tbe  Uijitx  wsen  from  th«  front.  1  to  4,  Uxwr\nd  rt^niXmtt:  1,  mq^ 
ca\  T\f\^  nr  pomum  A,d&ml;  2,  rtirntaja;  II,  superior,  and  4^  intx-r\*T  oornu  'f  thi^  rii^nt  side- V  i 
cricoid  cartltkffe;  6,  inside  of  tb«  posterior  part ;  d«  aot«rior  luirrow  |.uin  ^*t  (b«  rini;;  ?  arr>«u«d 
cartUagea.    x  %. 

moUon  between  them.     But  although  the  arytenoid  cartilages  can  moTe  on  uit 
cricoid,  they  of  course  accompany  the  latter  in  all   ita  roovenienta.  just  u  the 

head  may  nod  or  turn  on  the  top  of  the  spinal  column,  but    must  accompMf 
it  in  all  its  movements  a^^  a  whole. 

Joints  and  Ligaments. — Tlie  thyroid  cartilage  is  also  connected  with  tbe 
cricoid,  not  only  b^*  lig-amenta,  but  also  by  joints  w*ith  sjuovial  menibriiai»: 
tht^  lower  coTfiim  of  the  thyroid  clasping,  or  nipping,  aa  it  were,  thecrifioid 
between  them,  but  not  so  tightly  but  that  the  thyroid  can   revolve,   within  t 


Ug.  Ary.'CjAfitoiU 


Cart.  WrUber^i 
Cart.  Saatorinl 

CbrUarrten. 
Ptoc.  miucrtL 

I^ir*  cnco-iiTjtea. 
X4ff»  QetaioHalco.  pu«c.  imp, 

Cortm  infer. 

lilt.  camt<Hoo.  pott  int. 


Gut.  tmcbcxo 


¥tg.  843.— Tbe  laryiue  as  aeeti  from  behind  after  removal  of  tbe  musclea. 
Amenta  only  remain.     (Stoerk, ) 


Tbe  canil««es  iod  Ur 


certain  range,  around  an  axia  passing  transversely  through  the  two  jointi  al 
which  the  cricoid  is  clasj^ed.  The  vocal  cord^  are  attached  (behind)  to  the 
front  portion  of  the  base  of  the  arytenoid  cartilages,  and  (in  front)  to  the 
re-entering  angle  at  the  back  part  of  th^  thyroid;  it  is  evident,  therefore,  that  all 
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of  either  of  these  cartilages  must  produce  an  effect  on  them  of 
kind  or  other.  Inasmuch,  too,  as  the  arytenoid  cartilages  rest  on  the 
top  of  the  back  portion  of  the  cricoid  cartilage,  and  are  connected  with  it  by 
and  other  ligaments,  all  movements  of  the  cricoid  cartilage  must 
I  the  arytenoid  cartilages,  and  also  produce  an  effect  on  the  vocal  cords. 

Intrinsic  Muscles. — The  intrinsic  muscles  of  the  larynx  are  so  connected 
^iritli  the  laryngeal  cartilages  that  by  their  contraction  alterations  in  the  con- 
dition of  the  vocal  cords  and  glottis  are  produced.  They  are  usually  divided 
into  four  classes  according  to  their  action,  viz. ,  into  abductors,  adductors, 
sgphineters,  and  tensors.  The  Abductors,  the  crico-arytenoidei,  widen  the  glottis, 
bj  separating  the  cords ;  the  Adductors,  consisting  of  the  thyro-ary-epiglottici, 
tlie  arytenoideus  posticus  seu  transversus,  the  thyro-arytenoidei  extemi,  the  cricO' 
arytenoidei  laterales,  and  the  thyro-arytenoidei  intemi,  approximate  the  vocal 
oords,  diminish  the  rima  glottidis,  and  act  generally  as  Sphincters  and  sup- 
porters of  the  glottis.  Finally,  the  Tensors  of  the  cords  put  the  cords  on  the 
stretch,  with  or  without  elongating  them ;  the  tensors  are  the  crico-thyroidei 
and  the  thyro-arytenoidei  intemi. 

The  attachments  and  the  action  of  the  muscles  will  be  readily  understood 
from  the  following  table.  All  the  muscles  are  in  pairs  except  the  arytenoideus 
posticus. 


Table  of  the  several  Groups  of  the  Intrinsic  Muscles  of  the  Larynx 
and  their  attachments. 


Group. 

MuacLB. 

ATTA0HMKNT8. 

Action. 

I. 
Abductors. 

Crico-aryte- 
noidei  pos- 
tici. 

This   pair   of    muscles   arises,    on 
either  side,    from  the    posterior 
surface  of  the  corresponding  half 
of  the  cricoid   cartilage.     From 
this   depression  their  fibres  con- 
verge on  either  side  upward  and 
outward  to   be  inserted   into  the 
outer  anele  of  the  base  of   the 
ar^noid   cartilages  behind  the 
crico-arytenoid  laterales. 

Draw  inward  and 
backward  the 
outer  angle  of 
arytenoid  carti- 
lages, and  so  ro- 
tate outward 
the  processus  vo- 
calis  and  widen 
the  glottis. 

II.  and  III. 
Adductors 

and 
Sphincters. 

In  three  lay- 
ers: 

(a)       Outer 
layer, Thy- 
ro-ary  - 
e  p  i  g  1  ot- 
tici. 

A  pair  of  muscles.     Flat  and  nar- 
row, which  arise  on  either  side 
from  the  processus  muscularis  of 
the  arytenoid  cartilage,  then  pass- 
ing  upward    and    inward    cross 
one  another  in  the  middle  line  to 
be  inserted  into  the  upper  half  of 
the  lateral  border  of  tne  opposite 
arytenoid  cartilage  and  the  poste- 
rior  border  of    the    cartilage  of 
Santorini.     The   lower  fibres  run 
forward    and    downward   to   be 
inserted  into  the  thyroid    carti- 
lage near  the  commissure.     The 
fibres  attached  to  the  cartilage  of 
Santorini  are  continued  forward 
and  upward  into  the  ary-epiglot- 
tic  fold. 

Help  to  narrow  or 
close  the  rima 
glottidis. 
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Gboup. 


MuaouL 


ATTAUUlLUm. 


Acncm. 


II.  and  III. 
Adductors 

and 
Sphincters. 
— oontintied. 


(b)  Middle 
layer. 

i.  Aryte- 
noideus 
posticus. 


A   single  muscle.     Half -q  u  a  d  r  i 
latend,  attached  to  the  borders 
of  the  arytenoid  cartila^,    its 
fibres  running  horizontally   be- 
tween  the  two. 


Draws  together  the 
arytenoid  carti- 
lages and  also  de- 
TOresses  them. 
When  the  mus- 
cle is  paralyzed, 
the  inter-carti- 
laginous part  of 
the  OOTds  cannot 
come  together. 


ii.     Thyro- 
aiytenoi 
dei    ez- 
temi. 


iii.  Crico 
arytenoi  - 
dei  later- 
ales. 


A  pair  of  muscles.  Each  of  which 
consists  of  three  chief  portions 
— lower,  middle,  and  upper. 
The  lower  and  principal  noree 
may  be  further  divided  into  two 
layers,  internal  and  external. 
These  fibres  arise  side  by  side[ 
from  the  lower  half  of  the  inter- 
nal surface  of  the  thyroid  carti- 
lage, close  to  the  angle,  and  fromj 
the  fibrous  expansion  of  the  crico- 
thyroid ligament,  and  are  insert- 
ed into  the  latersd  border  of  the 
arytenoid  cartilage.  The  inner 
fibres  run  horizontally,  to  be  at- 
tached to  the  lower  half  of  this 
border,  and  the  outer  fibres  pass 
obliquely  outward  to  be  ins^ted 
into  the  upper  half,  while  some 
pass  to  the  cartilage  of  Wrisburg 
and  the  ary -epiglottic  fold. 

A  pair  of  muscles.  They  arise  on 
either  side  from  the  middle  third 
of  the  upper  border  of  the  cricoid 
cartilage  and  are  inserted  into  the 
whole  anterior  margin  of  the  base 
of  the  arytenoid  cartilage.  Some 
of  their  fibres  join  the  thyroid 
ary-epiglottici. 


(c)  Inner- 
most  lay- 
er, Thyro- 
a  r  ytenoi- 
dei  in- 
temi. 


A  pair  of  muscles.  They  arise  on 
either  side,  internally  from  the 
angle  of  the  thyroid  cartilage, 
internal  to  the  last  described 
muscle  (  (b),  iii.),  and  running 
parallel  to  and  in  the  substance  of 
the  vocal  cords  are  attached  pes 
teriorly  to  the  processus  vocalis 
along  their  whole  length  and  to 
the  adjacent  part  of  the  outer 
surface  of  the  arytenoid  carti- 
lages. 


Approximate  the 
vocal  cords 
by  drawing  the 
processus  mus- 
cularis  of  the 
arytenoid  carti- 
lages forward 
and  downward 
and  so  rotate  the 
proceesus  vocalis 
inward. 


Render  the  vocal 
cords  tense  and 
rotate  the  ar3rte- 
noid  cartilages 
and  approximate 
the  processus 
vocalis. 
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Gmoup. 


IV. 
Temors. 


MUSGLB. 


Crioo  - 1  h  y- 
roidei. 


Thyro  -  ary 
teno  i  d  e  i 
intemi. 


ATTACHiaEKTB. 


A  pair  of  fan-shaped  muscles  at 
taohed  on  either  side  to  the  cricoid 
cartilage  below ;  from  the  mesial 
line  in  front  for  nearly  one-half  of 
its  lateral  circumference  back 
ward  the  fibres  pass  upward  and 
outward  to  be  attached  to  the  low- 
er border  of  the  thyroid  cartili^e 
and  to  the  front  border  of  its 
lower  cornea. 


The  most  posterior  part  is  almost 
a  distinct  muscle  and  its  fibres 
are  all  but  horizontal:  some 
times  this  muscle  is  described  as 
consisting  of  two  layers,  super- 
ficial with  cortical  fibres,  oeep 
with  oblique  fibres,  described 
under  Group  III. 


Action. 


The  thyroid  carti- 
lage being  fixed 
by  its  extrinsic 
muscles,  the 
front  of  the  cri- 
coid cartilage  is 
drawn  up^^trd, 
and  its  back, 
with  the  aryte- 
noids attached, 
is  drawn  down. 
Hence  the  vocal 
cords  are  elon- 
gated a  n  t  e  r  o  - 
posteriorly  and 
put  upon  the 
stretch.  Paral- 
ysis of  these 
muscles  causes 
an  inability  to 
produce  high 
notes. 

Described  above. 


Nerve  Supply. — In  the  performance  of  the  functions  of  the  larynx  the  sensory 
filaments  of  the  superior  laryngeal  branch  of  the  vagus  supply  that  acute  sen- 
sibility by  which  the  glottis  is  guarded  against  the  ingress  of  foreign  bodies,  or 
of  irrespirable  gases.  The  contact  of  these  stimulates  the  nerve  filaments ; 
and  the  impression  conveyed  to  the  medulla  oblongata,  whether  it  produce 
sensation  or  not,  is  reflected  to  the  filaments  of  the  recurrent  or  inferior  laryngeal 
branch,  and  excites  contraction  of  the  muscles  that  close  the  glottis.  Both  these 
branches  of  the  vagi  co-operate  also  in  the  production  and  regulation  of  the 
voice ;  the  inferior  laryngeal  determining  the  contraction  of  the  muscles  that 
vary  the  tension  of  the  vocal  cords,  and  the  superior  laryngeal  conveying  to 
the  mind  the  sensation  of  the  state  of  these  muscles  necessary  for  their  contin- 
uous guidance.  And  both  the  branches  co-operate  in  the  actions  of  the  larynx 
in  the  ordinary  slight  dilatation  and  contraction  of  the  glottis  in  the  acts  of 
expiration  and  inspiration,  and  more  evidently  in  those  of  coughing  and  other 
forcible  respiratory  movements. 

The  laryngoscope  is  an  instrument  employed  in  investigating  during  life  the 
condition  of  the  pharynx,  larynx,  and  trachea.  It  consists  of  a  large  concave 
mirror  with  perforated  centre  and  of  a  smaller  mirror  fixed  in  a  long  handle. 
It  is  thus  used :  the  patient  is  placed  in  a  chair,  a  good  light  (argand  burner,  or 
lamp)  is  arranged  on  one  side  of,  and  a  little  above  his  head.  The  operator 
fixes  the  large  mirror  round  his  head  in  such  a  manner,  that  he  looks  through 


526 


HANDBOOK    OF   PHYSIOLOGY. 


the  central  aperture  with  one  eye.  He  then  Beats  liim&elf  opposite  the  patient 
and  ao  alters  the  position  of  the  mirror,  which  is  for  this  puxpoee  proTided 
with  a  ball  and  socket  joint,  that  a  beam  of  light  is  reflected  on  the  lipe  of  the 
patient. 

The  patient  ia  now  directed  to  throw  his  head  slightly  backward,  and  to 
open  his  mouth  ;  the  reflection  from  the  mirror  lights  up  the  cavity  of  the 
mouth,  and  hy  a  little  alteration  of  the  distance  between  the  operator  and  the 
patient  the  ]>oint  at  which  the  greatest  amount  of  light  is  reflected  by  the 
mirror — in  other  words  its  ft)cal  length=-is  readily  discovered.  The  suulU 
mirror  fixed  in  the  handle  is  then  warmed,  either  by  holding  it  over  the  lamp, 
or  by  putting  it  into  a  vessel  of  wartn  water ;  this  is  necessary  to  prevent  tb« 
condensation  of  breath  upon  its  surface.     The  degree  of  heat  is  regulated  by 


llg,  vrf  fplik*t> ' 


Curt.  Wzliba«II  4 

Duct  Simtarial*^ 

fli.  Cirf«wirji<iioM.  po«t*  " 

Corau  luitcrioc  • 

Tigr.  ceratO'Cric-  ' 


^Ktti.  fuMt.  inf.  mcmlmil. " 


FI^.  844.  ^The  l&tynx  as  seen  from  behind.    To  show  the  intrlnBlc  maacles  po^erlorly.    CStoerk.) 


applying  the  l)ack  of  the  mirror  to  the  hand  or  cheek,  when  it  should  feel  warm 
without  l>eing  painful. 

After  these  preli fuinaries  the  patient  is  directed  to  pyt  out  his  tongue,  which 
is  held  hy  the  left  hand  gently  but  tinniy  against  the  lower  teeth  by  means  of 
a  handkerchief.  The  warm  mirror  is  imesed  to  the  back  of  the  mouth,  until 
it  rests  uimn  and  slightly  raises  tlie  base  of  the  uvula,  and  at  the  same  time 
the  light  is  directed  upon  it:  an  inverted  image  of  the  larynx  and  trachea 
will  be  aeen  in  the  mirror.  If  the  dorsum  of  the  tongue  be  alone  seen,  the 
liandle  of  the  mirror  must  be  slightly  lowered  until  the  larynx  comes  into 
view ;  care  should  be  taken,  however,  not  to  move  the  mirror  up€>n  the  uvula. 
as  it  excites  retching.  Tlie  observation  should  not  l>e  prolongeti,  but  should 
rather  be  repeated  at  short  intervals. 

The  structures  seen  will  vary  somewhat  according  to  the  condition  of  the 
parts  lis  to  inspiration,  expiration,  phonation,  etc.  ;  they  are  (fig,  347i  first, 
and  apparently  at  the  posterior  part,  the  boM  of  the  tongue^  immediately  below 
which  18  the  accurate  outline  of  the  epiglottis,  with  its  cushion  or  tubercle^ 
Then  are  seen  in  the  central  line  the  true  vocal  cords,  white  and  shining  in  their 
normal  condition.     The  cords  approximate  (in  the  inverted  image)  posteriorly; 


'iorly ;     fl 
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betTA^een  them  is  left  a  chink,  narrow  while  a  high  note  Lb  being  sung,  wide 
during  a  deep  inspiration.     On  each  side  of  the  true  vocal  cords,  and  on 
higher  level,   are  the  pink  false  vocal  eords.     Still  more  externally  than  tl 


Fig,  S4fi.— The  parts  of  the  Laxyngoficope. 

false  Tocal  cords  ia  the  arytenO'epiglottidean  fold,  in  which  are  situated  upon 
each  side  three  small  elevations ;  of  these  tlie  most  external  is  the  cartilage  of 
Wri^)erg,  the  intermediate  is  tlie  cartilage  of  Santorini,  while  the  summit  ef 
the  arytenoid  cartilage  m  in  front,  acd  somewhat  below  the  preceding,  being 


Fig.  816.  ^To  show  the  posltimiof  the  operator  and  patleol  vheo  ufting  the  Ijuyugoacope, 

only  seen  during  deep  inspiration.  Tlie  rings  of  the  trachea,  and  even  the 
bifurcation  of  the  trachea  itself,  if  the  patient  be  directed  to  draw  a  deep  breath, 
may  be  seen  in  the  interval  Iwtween  the  true  vocal  eords. 


FIff.  347.— Three  laryng^oflcoplc  views  of  the  superior  a j:*erture  of  tbe  larynx  and  naiTOtlitidlaf 
parts.  A,  the  RlottiK  duriijR  the  einiBsion  of  n  high  not^  in  siaKin^;  B,  in  eMwy  and  quiet  inha^ 
JAtit^ti  of  air;  C,  Iti  the  stiit^-  of  the  widest  poRsible  dilatation,  a^  in  inhnlln^  a  very  deep  breath. 
The  tiia4prtLms  A\  B\  and  C\  tihow  la  borixontal  wectiooH  of  tiie  ^lotti^  thr  po&ltioa  of  the  vtacti 
Itgaments^  and  aryUttiokl  cartiiaifes  in  th*-  tlu'ee  several  staters  represented  Id  the  other  dgarm. 
In  all  the  6^ureH,  so  far  a»  fnarke<l,  the  lettars  indicate:  the  partja  aa  followsu,  vit. :  I,  Uiiebafle  cf 
the  tooK'J*' ;  *\  ttie  up^i^r  fre«3  jwrt  of  the  episflottif*;  t'.  the  tubercle  or  cuahfott  of  the  epigloCtia; 
ph,  part  of  tb«*  anterwr  wall  of  tli*?  pharytij  behind  the  larynjc;  in  the  maririii  erf  tibe  aryteoo- 
epigif>ttkleiiiii  fokl  tr,  the  ftwellinK  of  the  membrane  cause*!  by  the  eartil«ffe»or  WrSabeiy:  Ji  thAt 
of  the  eartilapeM  of  Santoriui ;  ft,  the  tip  or  fiunnnlt  of  the  ai^ytenoid  eartil&ff^es;  c  r.  the  tnj<» 
vocal  ixmls  or  Iijkh  of  the  rima  giottidls;  €v«,  the  Huiwrior  r»r  faL^*  vocal  cordi*;  between  them 
the  ventricle  of  the  lari'-nx ;  in  C,  tr  is  placed  on  the  anti^rior  wail  *tf  the  reeedlnr  trachea, 
and  b  indicates  the  eonimeucetiient  of  the  twu  bronchi  t>eyond  the  iTifureatJoo  wlii<^  may  te 
brought  into  view  In  this  state  of  extreme  dilatation.     (Quain  after  Cstennak.) 

each  inspiration,  and  a  little  narrower  nt  each  expiration.  X)n  making 
a  ntpid  and  de^p  inspiration  the  opening  of  the  glottis  is  widely  dilated 
(fig,  347^  c),  and  somewhat  lozenge-shaped. 

In  VocitJ izaf hu , — At  the  moment  of  the  emission  of  a  note,  it  is  nar- 
rowed, the  margins  of  the  arytenoid  cartilages  being  bronght  into  contact 
and  the  edges  of  the  vocal  cords  approximated  and  made  parallel,  at 
the  same  time  that  their  tension  is  much  increased.  The  higher  the  note 
produced,  the  tenser  do  the  cords  become  (fig,  347,  a);  and  the  ranged 
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a  voiee  dopeniJB,  of  courso,  1ri  t)ie  main,  on  the  extent  to  whidi  the 
degree  of  tfaaioii  of  the  voeal  cordis  can  Lkj  thus  altered.  In  tlieprodue- 
ioa  of  a  high  note  the  vocal  cords  are  brought  well  within  sight,  m  im 
,he  plainly  visible  with  the  help  of  the  hiryiigoseope.  In  the  utter- 
oi  grave  tones,  an  the  other  hand,  the  epiglottic  m  depreiSiied  mid 
brought  over  iheni,  and  the  arytenoid  cartilages  look  iia  if  they  were 
trying  to  hide  themselves  under  it  (tig.  348),     The  epigluttis,  by   being 


Fi(r,  348.— Vtewof  thf»  upper  part  *^f  thr  larynx  tin  sp«*n  hy  nTViiisor  the  larimiroHcoM  duHiii? 
tli*»  ♦itlonint^of  ft  grave  m>i«?.  r,  KitlKlt>tti«;  t,  ltjh*"rcles  t»f  lljt"  L'artilttK»>ti  of  Haniorinf;  a,  aryt- 
^aoi«l  citrtllft|irr>««;  t,  lia.se  of  tli*^  k>n^u*;  ;jh,tb(^  rxt9tJ?rior  wan  «P  thi^iiJiarynx.     (Cxermnk. ) 

Bomcwhat  pressed  down  so  as  to  cover  the  superior  eavity  of  the  larynx, 
serves  to  render  the  notes  deeper  in  tone  and  at  the  same  time  somewhat 
dnller^just  i*d  covering  the  end  of  a  short  tuho  phioed  in  front  of 
eauutL-hune  tijngni'S  lowera  the  tone.  In  no  other  respect  iloes  the 
epiglottis  appear  to  have  any  effect  in  modifying  the  vocal  soiinds. 

The  degree  of  approximation  of  the  voeal  cords  also  usually  corre- 
sponds with  the  height  of  the  noto  produced;  hut  prolmbly  nut  alvvaya, 
for  the  width  of  the  aperture  has  no  essential  influence  on  the  height  of 
the  note,  aid  long  iis  the  vocal  cords  have  the  same  tension:  only  with  a 
wide  ajRU^ture  the  tune  u  more  ditlicnlt  to  produce  mul  Is  less  perfect, 
the  rnshiDg  of  the  air  througli  the  aperture  Imng  heard  at  the  same 
time. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  the  aperture 
of  the  glottis,  that,  viz,,  which  is  formed  hy  the  space  between  the 
arytenoid  cartilages.  For  if  the  arytenoid  cartilages  be  approximat<)d 
in  such  a  manner  that  their  autcrior  processes  touch  each  other,  hut  yet 
leave  an  opening  behind  them  as  well  as  in  front,  no  second  vocal  tone 
is  produced  by  the  passage  of  the  air  through  the  posterior  opening,  hut 
merely  a  rustling  or  bubbling  sound;  and  the  height  or  pitch  of  the 
note  produced  ia  the  same  whether  the  posterior  part  of  the  glottis  be 
open  or  not. 

The  Voice  in  Sixgino  and  Speaking. 

VitrieiicH  of  Vomi  Sounds. —The  laryngeal  notes  may  ol>serve  three 

different  kinds  of  sequence.     The  first  is  the  monotonous,  in  which  the 

notes  have    nearly  all    the  same    pitch  as  in  ordinary  speaking;   the 

variety  of  the  sounds  of  speech  being  dne  to  articulation  in  the  mouth, 
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In  fipeuking,  liowover,  ocoasiona!  syllables*  generally  receive  a  higner 
iiitonatioii  for  the  sake  of  accenL  The  second  mode  of  sequence  is  the 
euueessivo  transition  from  high  to  low  notes,  and  vice  verm^  wilhoDt 
intorvak;  sueli  as  is  heard  in  the  sounds,  which,  as  cxprtssions  of  pas- 
sion, aci'oMipauy  crying  in  men,  and  in  tlio  howling  and  whining  of 
dogs.  The  third  modtj  of  sequence  of  the  vocal  sounds  is  the  niugical, 
in  which  each  sound  has,  a  deterniinate  nuniht^r  of  vibrations,  and  the 
numbers  of  the  vibration.s  in  the  surresHive  sounds  have  the  same  rehitiv*- 
proportions  that  characterize  the  nc>tc8  of  the  musical  scale. 

In  difTurent  individuals)  tliit;  comprehends  one,  two,  or  three  04-Uveg, 
In  singers — ^that  is,  in  persons  apt  for  singing — it  extends  to  two  or 
three  octiives*     But  the  male  and  female  voices  ooramence  and  end  at 
difTt'irent   puint.s  of  tlie  nnisical  scale.     The  lowest  note  of  the  femalv 
voire  is  about  an  octave  higlier  than  the  lowest  of  the  male  voice:  the 
highest  note  of  the  female  voice  about  an  octave  higher  than  the  highest 
of  the  male.     The  compass  of  the  male  aud  female  voices  taken  together, 
or  the   entire  si-ale  of  tlie   hunum   voice,  includes  about  four  octaves^ 
The  principal  flitferonce  between  the  male  and  female  voice  is,  therefore, 
in  WiLHV  pi  if  li :  hut  they  are  also  distinguished  by  their  tone, — the  male 
voii'i"   U  not  so  soft.     The  voice  presents  other  varieties  bt!side«  that  of 
male  tn id  female;  there  arc  two  kinds  of  male  voice,  toehnicallT  called 
the  Iklss  and    /rv/or,  and   two   kinds  of  female  voice,  the  amfraJtn  ami 
soprtftio^  all  difTering  frrun  each  oilier  in  tone.     The  bass  voice  usually 
reaches  lower   than   the   tenor,  and   its  strength   lies  in  the  low  notes; 
while   the  tenor  vi>ice  extends   higher  than  the  bass.     The   contralto 
voice  has  generally  lower  notes  than  the  soprano,  and  is  strongest  in  the 
lower  notea  of  the  female  voice;  while  the  soprano  voice  reaches  higher 
in   the  scale.      But  tlic  difference  of   compass,  nnd  of  power  in  different 
parts  of  the  scale,  is  not  the  essential  distinction  between  the  different 
voices;  for  bass  singers  can  sometimes  go  very  high,  and  the  contralto 
frequently   sings   the  high   notes  like  soprano  singers.     The  essential 
tlifferenee  between  the  lume  and  tenor  voices,  aiui  between  the  contralto 
and  soprano,  consists  in  ihelr  tone  or  timhrfy  which  distinguishes  them 
even  when  they  are  singing  the  same  note.     The  qualities  of  the  bary- 
tone and  niezsco-soprano  voices  are  less  marked;  the  Z^rry^o;/^  Ixdng  in- 
termediate between  tlio  biiss  and  teiajr,  the  mnzo-soprano  between  the 
contralto  lind  sopraiu).     They  have  also  a  midrlle  position  as  t<j  pitch  in 
the  SL-ale  of  tire  male  and  female  voiees. 

The  differences  in  the  pitch  of  the  male  and  the  female  voices 
depends  on  the  different  length  of  the  vocal  cords  in  the  tw^o  seses; 
their  relative  length  in  men  and  women  being  im  three  to  two.  The 
difference  of  the  two  voices  in  tone  or  timbre,  is  owing  to  the  different 
nature  and  form  of  the  resounding  walls,  which  in   the  male  larynx  are 
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iDni'!i  nioro  extensive,  and   form  a  more  acute  aogle  anteriorly.     The 
dilTureut  ^(naHties  of  the  tenor  and  ba6S,  and  of  the  alto  and  soprano 

i  voices,  probably  depend  on  some  pecnliariticg  of  the  Jigamcnts,  and  the 

[inembranons  and  cartilaginous  parictes  of  the  laryngeid  cavity,  which 
are  not  at  present  uoderstood,  bnt  of  which  wo  may  form  some  idea, 

Iby  recollecting  tliat  musical  instruments  made  of  different  materijils, 
#,</.,  metallic  and  gut-strings,  maybe  tuned  to  the  same  note,  bnt  that 

[each  w^ll  give  it  witfi  u  peculiar  tone  or  iimbre. 

The  boy's  larynx  resembles  the  female  larynx;  their  v^nal  cords 
l>efi»re  pulrerty  are  n<jt  two-thirds  the  length  of  the  a*hdt  cords;  and 
tlie  angle  of  tlieir  thyroid  cartilage  is  ns  little  prominent  a**  in  the 
female  larynx.  Boys'  voices  are  alio  and  soprano^  resembling  in  pitch 
those  of  women,  hut  loader,  and  ilifTcring  somewhat  fnmi  them  in  tone. 
But,  after  tlie  larynx  has  undergone  tlie  change  produced  during  the 

I  period  of  development  at  jjul>erty,  the  boy's  voice  becomes  bass  or  tenor. 
Wliile  the  change  of  form  i.^  taking  place,  the  voice  is  said  to  rrftcl\:  it 
liecomes  imperfect,  frequently  hoarse  and  crowing,  and  is  u nil t ted  for 
einging  until  the  new  tones  are  brought  under  eomnuind  by  practice. 
In  eunuchs,  wlio  luive  bc*en  deprived  of  the  testes  before  puberty,  the  voice 
does  not  undergo  this  change*  The  voice  of  most  old  people  is  dcticient 
in  tone,  unsteady,  and  more  restricted  in  extent:  the  first  defect  is 
owing  to  tlie  osgirication  of  the  cartilagCB  at  the  larynx  and  the  altered 
condition  of  the  vocal  cords;  the  want  of  steadiness  arisi^s  from  thelossof 
nervous  power  and  command  over  the  musclea;  the  result  of  whicli  is 
here,  as  in  otiier  p;trts,  a  tremulous  niovenu^nt.  I'hcKe  two  cauf^e^  com- 
bined render  the  voices  of  old  people  void  of  tone,  unsteady^  bleating^ 
iind  weak. 

In  any  class  of  persons  arranged^  as  in  an  orchestra,  according  to  the 
character  of  voice.s,  each  would  possess,  with  the  general  characteristics 
of  a  btkss,  or  tenor,  or  any  other  kind  of  voice,  some  peculiar  character 
by  which  hiw  voi<;e  would  be  recognized  from  all  the  rest.  The  condi- 
tions that  determine  these  distinctions  are,  however,  €[uite  unknown. 
They  arc  ]jrubably  inherent  in  the  tissues  of  the  larynx,  ami  are  iia 
indi^sccrnihlc  as  tiie  minute  di lie rences  that  characterize  rricrrs  features; 
one  often  olMerves,  in  like  manner,  hereditary  and  family  peculiarities 
of  voice,  as  well  marked  as  those  of  the  limbs  or  face. 

Most  persons,  partituilarly  men,  have  the  power,  if  at  all  capabh*  of 
singing,  of  modulating  their  voices  through  a  double  series  of  notes  of 
different  characteri  namely,  the  notes  of  the  natural  voice,  or  chesi- 
«oM«f,  and  the  fnheito  fioies.  The  natural  voice,  which  alone  has  been 
hitherto  considered,  is  fuller,  and  excites  a  distinct  sensation  of  much 
stronger  vibration  and  rt^i^onance  than  the  falsetto  voice,  which  lias 
more  a  flute-like  character.     The  deeper  notes  of  the   male  voice   can 
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b€  produced  only  with  the  imtiiral  voice,  tlio  highest  with  the  falsetto 
only;  Urn  iiotea  of  niiddlt)  2)itc'h  can  bo  produced  cither  with  the  natund 
or  falsetto  voice;  tho  two  registers  of  the  voice  are  therefore  not  limited 
in  8iich  a  manner  m  that  one  ends  when  tho  other  begins^  but  they  run 
in  part  Bide  by  side. 

The  natural  or  ehest-notea  are,  as  we  liave  seen,  produced  by  the  or- 
tlinary  vibrations  of  the  vocal  cords.  The  mode  of  proiluction  of  the 
falsetto  notes  is  still  obscure, 

By  Mullcr  they  wore  thought  to  be  due  to  vibrations  of  only  the  inner 
borders  of  the  vocal  cords.  In  the  opinion  of  Petrequin  and  Diday,  tber 
do  not  result  from  vibrations  of  the  vocal  cords  at  all,  but  from  vibm- 
tiouH  of  the  air  piissiiig  through  the  aperture  of  tho  glottis,  which  tbc? 
believe  assumes,  at  sneh  timc8,  the  contour  of  the  embottvhure  of  a  flat*. 
Others,  consirleriug  some  degree  of  similarity  which  exists  between  tbo 
falsetto  notes  and  tbo  peculiar  tones  called  harmonic,  whicli  are  pro- 
duced when,  by  touching  or  «top]ving  a  harp-string  at  a  particular  point, 
only  a  portion  of  its  length  is  allowed  to  vibrate,  have  supposed  that,  in 
tbo  falsetto)  notes,  portions  of  the  cords  are  tlnis  isolated,  and  madu  to 
vibrate  while  the  rest  are  held  stilb  The  question  cannot  yet  bea^ttled; 
Init  any  one  in  the  habit  of  singing  may  assure  himself,  both  by  the 
ditllcnlty  of  passing  smoothly  from  one  set  of  notes  to  the  other,  and  hy 
the  necessity  of  exercising  himself  in  both  registers,  lest  he  should 
become  very  deficient  in  one,  that  there  must  be  some  great  dilfereiu^ 
iu  the  modes  iu  which  their  respective  notes  are  produced. 

Tlie  piifh  of  the  notf\  wljich  depends  upon  the  rapidity  of  the  vibra- 
tions, is  altered  by  alterations  of  the  vocal  cords,  and  so  tho  strength  of 
the  voice  is  iu  iiroportion  (a)  to  the  degree  to  which  the  vwal  cords  can 
be  made  to  vibrate;  and  partly  {h)  to  the  titness  for  resonance  of  the 
membranes  and  cartilages  of  tlie  larynx,  of  the  parietes  of  the  thorax, 
hings,  and  cavities  of  the  month,  nostrils,  and  communicating  sinuses. 
It  is  diminished  by  anythiug  whinh  interferes  with  such  capabilttv  of 
vibration. 

The  rntfimijf  or  hndntim  of  a  given  note  with  nuiinteu^uice  of  the 
same  pitch,  cannot  be  rendered  greater  by  merely  increasing  the  force 
of  tile  current  of  air  through  the  glottis;  for  increase  of  the  frtrce  of  tht» 
current  of  air,  eiekria  parilntH^  raises  the  pitch  both  of  the  natural  and 
the  falsetto  notes.  Yet,  since  a  singer  possesaes  the  power  of  increasing 
the  loudness  of  a  note  from  the  faintest  jnnno  to  fort isainw  without  it« 
pitch  being  altereil,  there  must  be  some  means  of  com]>en8ating  the 
tendeucy  of  the  vocal  cords  to  emit  a  higher  note  when  tho  force  of  the 
current  of  air  is  increased.  This  means  evidently  consists  in  modify- 
ing the  tension  of '  the  vocal  cords.  When  a  note  is  rendered  louder 
and  more  intense,  the  vocal  cords  must  be  relaxed  by  remisaion  of  the 
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muaoular  nation,  in  proportion  as  the  force  of  tbo  current  of  the  Ivreath 
through  the  glottis  is  ioercasevl.  When  a  nok*  is  rendrrrd  fainter,  the 
reverae  of  this  must  occur. 

The  arches  of  the  piihite  and  thenvuhi  hi^eooie  contracted  during  the 
formation  of  the  higher  notes;  but  their  contraction  is  the  same  for  a 
note  of  given  height,  whether  it  be  falsetto  or  not;  and  in  either  ease 
the  arches  of  the  palate  may  bt*  touched  with  tlie  llnp-r,  without  the 
mote  being  altered.  Their  action,  therefore,  in  tbe  jn'oduetion  of  the 
higher  notes  aeems  to  be  merely  the  result  of  invohnitary  associate  ner- 
vous action,  excited  by  the  voluntarily  incrcita'd  exertion  of  the  uuiscle^ 
of  the  larynx.  If  the  palatine  arclies  ion  tribute  at  all  to  the  production 
of  the  higher  notes  of  the  natural  voice  and  ilie  falsetto,  it  can  only  be 
by  their  increased  tension  strengthen iiig  the  resointnce. 

The  office  of  the  ventricles  of  the  larynx  i^  evidently  to  utiord  a  free 
Bpace  for  the  librations  of  tlie  lips  of  the  glottis;  they  may  be  com- 
pared with  the  cavity  at  the  coniniencenu^nt  of  the  mouthpiece  of  trum- 
pets, which  allows  the  free  vibration  of  the  lips. 

Speech, — ^Besides  the  musical  tones  formed  in  the  larynx,  a  ^^rcut 
number  of  other  sounds  can  be  produced  in  tbe  vocal  tulK'S,  Ijctweeii 
the  glottis  and  thcextenud  apertures  of  tbe  air-passages,  tbe  comhiuation 
of  which  sounds  by  the  agency  of  the  cerebrum  into  different  groups 
to  designate  object^,  pmiierties,  aetiouj^,  etc.,  constitutes  luugaagc.  The 
knguages  do  not  employ  all  the  sounds  which  can  be  produced  in  tbis 
manner,  the  combination  of  scenic  with  others  being  often  difficult 
Those  sounds  which  are  Qtis^j  of  cornlu nation  enter,  for  the  most  part, 
into  the  fortnation  of  the  greater  number  of  hmguagea.  Each  language 
contains  a  certain  number  of  Buch  sounds,  but  in  no  one  are  all  brought 
together.  On  tbe  contrary,  different  languages  are  character ij^ed  liy  the 
prevalence  in  them  of  certain  classes  of  these  sounds,  while  others  are 
less  frequent  or  altogether  absent. 

Articulate  Sounds. — Tbe  sounds  pro^lueed  in  speech,  or  tbe  articu- 
late sounds,  are  commonly  divided  into  roivels  and  eunsofiani,^:  the  dis- 
tinction between  which  is,  that  the  sounds  for  tbe  former  are  generated 
by  the  larynx,  while  those  for  the  latter  are  produced  by  interruption 
of  the  current  of  air  in  some  part  of  the  air-passages  above  the  larynx. 
The  term  consonant  has  been  given  to  these  l>ccausc  several  of  them  are 
not  properly  sounded,  except  (Yi^wwrt;^//^/ //'/7//  a  vowel.  Thus,  if  it  l>o 
ntterapted  to  pronounce  aloud  tbe  consonants  b^  d,  and  g,  or  their  modi- 
fications, pj  t,  k,  the  intonation  only  follows  tlicin  in  their  combination 
with  a  vowel.  To  recognize  the  cj^scntial  properties  of  tbe  articulate 
sounds,  it  is  necessary  first  to  exaTuine  them  hb  they  are  produced  in 
wbispering,  and  tlien  investigate  which  of  them  can  als^i  be  utt<?red  in 
a  modified  character  conjoined  with  vocal  tone.     By  Ibis  procedure  we 
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nttered  in  ron- 


fincl   two  series  of  souiidei:  in  one  the  sotunls  are  mute,  and  f'Anm 
uttered  with  a  vocal  tone;  the  sounds  of  the  i>tl)er  f- 
independently  of  voice,  bnt  iire  also  capable  of  he 
juncti<jn  with  it. 

All  the  vowels  can  he  expressed  in  a  whisper  without  fmeal  ione^  that 
is,  fimich/.  These  mute  vowel-sounda  differ,  however,  in  gome  mea»- 
lire,  as  tu  tlieir  mode  of  produetion,  from  the  consonanteu  All  the 
mute  consonants  are  formed  in  the  vocal  tube  above  the  glottis,  or  in 
the  cavity  of  the  mouth  or  nose,  by  the  mere  rushing  of  the  air  I)etwQeEi 
the  surfaces  differently  modified  indisposition.  But  the  sound  of  the 
vowels,  even  wlien  nnite,  has  its  source  in  the  glottis,  tliou^h  its  vocal 
cords  are  not  thrown  into  the  vibrations  nocessiiry  for  the  production  of 
voice;  ami  the  sound  seems  to  be  prodnced  by  the  passage  of  the  current 
of  air  between  the  relaxed  vocal  cords.  The  same  vowel-sound  can  be  pro- 
duced in  the  larynx  wlien  the  mouth  is  closed,  the  nostrils  being  open* 
ami  the  utterance  of  all  vocal  t«nie  avoided*  The  sound,  wdien  themoatli 
is  o[H^n,  is  so  modified  by  varied  forms  of  the  oral  rsivlty,  us  to  assume 
the  chara^^ters  of  the  vowels  a,  e,  i,  o,  u,  in  all  their  mcHiilieations. 

The  cavity  of  the  nnnith  assumes  the  same  form  for  the  urtitndation 
of  each  of  the  mute  vowels  us  for  the  correspond invj  vowel  when  voc»l- 
ized;  tlie  only  diiTerence  in  tlu^  two  cases  lies  in  the  kind  of  sound 
emitted  by  the  larytix.  It  has  been  pointed  out  that  the  ermditiuns 
necessary  for  changinfjf  one  and  the  same  sound  into  tlie  different  vowels, 
are  differences  in  the  size  of  two  parts — the  oral  canal  and  the  oral  open- 
ixv^;  nin]  the  same  is  the  ciise  with  regard  to  the  mute  vowels.  By  oriil 
camil,  is  meant  here  the  space  between  the  tongue  and  palate:  for  the 
pronunciation  of  certain  vowels  both  the  opening  of  the  mouth  and  the 
space  just  mentioned  are  widened;  for  t)ie  pronunciation  of  other  vowek 
both  are  contracted ;  and  for  others  one  is  wide,  the  other  cxintraeted. 
Admitting  five  degrees  of  size,  both  of  the  opening  of  the  mouth  and  of 
the  space  l>etween  the  tongue  und  pahite,  Kenif>elen  thus  states  the 
dimensions  of  these  parts  for  the  following  vowel-sounds: — 

Vowel.  Btmnd.         Siase  of  oral  opening.  Size  of  oral  canaL 
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Another  important  distinction  inarticulate  sounds  is,  that  the  utter- 
smce  of  some  is  only  of  momentary  duration,  taking  place  during  a  sud- 
den change  in  the  conforrmition  of  tlie  mouth,  nml  being  incapable  of 
prolongation  by  a  continued  expiration.  To  this  class  belong  b,  p,  d, 
and  the  hanl  g^.  In  the  utterance  of  otiier  consonants  the  sounds  may 
be  con  tin  nous;  they  may  he  prolonged,  ad  libitum,  as  long  lis  a  particu- 
lar disposition  of  the  month  and  a  constant  expiration  are  nmintained. 
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Among  these  coiisonimtH  nrv  hp  m,  n,  f,  Sp  r>  1.  CorrenipDiidiTig  differeiices 
in  respi'ct  to  the  time  thut  miiy  iie  occupied  in  tiieir  uitemiRo  exist 
in  the  vowel  sounds,  and  principully  constitute  the  ditfereuees  uf  long 
tmd  short  syllables.  Thus  the  a  us  in  far  and  fate,  the  o  as  in  go  und 
fort,  may  be  indefinitely  prolonged;  but  the  mtne  vowels  (or  more 
projM-rly  different  vowxds  expressed  by  t!ie  same  letters),  its  in  can  itnd 
fact,  in  dog  and  rotten,  cannot  bo  prolonged. 

All  sounds  of  the  first  or  explosive  kind  are  insuseeptible  of  eom- 
bioation  with  vocal  tone  {iniomfihft)^  and  are  absolutely  mute;  nearly 
all  the  consonants  of  the  second  or  continuous  kind  may  be  attended 
with  intonation. 

Vetifrilofjnimn. — The  peculiarity  of  speaking,  to  which  the  term 
ventrilorjiiism  is  applied,  appears  to  consist  merely  in  the  varied  modi- 
fication of  the  sounds  produced  in  the  hu*ynx,  in  imitation  of  the  modi- 
fications which  voice  ordinarily  sniTers  from  distance,  etc.  From  the 
observations  of  Midler  and  Colomhat,  it  seems  that  the  essential 
mechanical  parts  of  the  process  of  vent rilocju Ism  consist  in  taking  a  full 
inspiration,  then  kt^eping  the  nniseles  of  the  chest  and  neck  fixed,  and 
speaking  with  the  month  almost  closed,  and  the  lips  and  h^wcr  jaw  us 
motionless  as  possible,  while  air  is  very  slowly  expired  through  a  very 
narrow  glottis;  eare  being  taken  also,  that  none  of  the  expired  air  pjisses 
througli  the  nose,  Bnt,  as  observed  by  Muller,  much  of  the  ventrilo- 
quist's skill  in  imitating  the  voices  coming  from  particular  directions, 
consists  in  deceiving  other  senses  than  hearing.  We  never  distingnish 
very  readily  the  direction  in  ivhich  sounds  reach  our  ear;  and,  when 
our  attention  is  directed  to  a  particular  point,  our  imagination  is  very 
apt  to  refer  to  tluit  point  whatever  sounds  we  may  hear. 

Aefhfi  of  (he  Tonf/ite  in  Speech. —The  tongue,  which  is  usually 
credited  with  tlie  power  of  speech— bin gn age  and  speech  being  often 
employed  its  synonymous  terma — plays  only  a  Bubordinatc,  although  very 
important  part.  This  is  wM  shown  by  cases  in  whicli  nearly  the  wliolt* 
organ  has  lieen  reuu>ved  on  account  of  disease.  Patients  who  recover 
from  this  operation  talk  imperfectly,  aiul  their  voice  is  considerably 
motlilied;  but  the  loss  of  speech  is  confined  to  those  letters  in  the  pro- 
uuneiation  of  which  the  tongue  is  concerned. 

Siammeriwj  depends  on  a  want  of  harmony  l>etweeu  the  aetiim  of 
the  mui^cles  (chiefiy  abdominal)  which  expel  air  through  the  larynx,  and 
that  of  the  muscles  whicli  guard  the  orifice  (rima  glottidis)  by  which  it 
escapes,  and  of  those  (of  tongue,  palate,  etc.)  which  uuululato  the  sound 
to  the  form  of  speetdi. 

Over  either  of  the  groups  of  muscles,  by  itself,  a  stammerer  may 
have  as  much  power  as  other  people.  But  he  eunnot  harmoniously 
arrange  their  conjoint  actionB, 
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THE    NERVOUS    SYSTEM. 

The  nervous  system  consists  of  the  following  parts:  firstly,  of  large 
masses  of  nervous  matter  situated  within  the  bony  cranium  and  spinal 
column,  and  constituting  the  brain  and  spinal  cord;  secondly,  of 
smaller  masses  of  nervous  matter,  situated  for  the  most  part  in  the 
abdominal  and  thoracic  cavities,  but  also  in  the  neck  and  head,  and 
constituting  what  are  known  as  sympathetic  ganglia;  thirdly,  of  cords 
of  nerve-fibres  which  connect  the  central  nervous  system  with  the 
periphery  and  with  the  so-called  sympathetic  ganglia,  which  are  not  in 
reality  a  system  independent  of  the  brain  and  cord  as  was  formerly 
taught,  but  are  really  part  and  parcel  of  the  same  system ;  and  fourthly, 
of  peripheral  organs  in  connection  with  the  beginnings  or  endings  of  the 
nerves  at  the  periphery  of  the  body. 

It  will  bo  necessary  to  consider  these  several  parts  of  the  nervous  system 
seriatim ;  it  will  bo  most  useful  for  the  understanding  of  the  subject, 
however,  to  proceed  first  of  all  with  the  consideration  of  the  properties 
of  nerve-fibres,  as  this  forms  the  most  elementary  portion  of  the  subject. 

Nerve-fibres, — The  structure  of  the  different  kinds  of  nerve-fibres 
has  been  already  dealt  with  (p.  89,  et  seg,) ;  their  function  remains  to  be 
considered  here. 

Function  of  Nerve  fibres. 

The  office  of  nerve- fibres  is  to  conduct  impressions.  From  the 
account  of  nervous  action  previously  given  (p.  447  et  seq.)  it  will  bf 
readily  understood,  that  nerve-fibres  may  be  stimulated  to  act  by  any- 
thing which,  with  sufficient  suddenness,  increases  their  irritability; 
they  are  incapable  of  originating  of  themselves  the  condition  necessary 
for  the  manifestation  of  their  own  energy.  The  stimulus  produces  its 
effect  upon  the  termination  of  the  nerve  stimulated,  being  conducted  to 
it  by  the  nerve-fibre.  The  effect  of  the  stimulus  upon  a  nerve  therefore 
depends  upon  the  nature  of  its  end-organ.  A  length  of  a  nerve  trunk 
when  freshly  removed  from  the  body,  if  stimulated  midway  between  its 
extremities,  will,  as  shown  by  the  deflection  of  the  needle  of  a  galvanomete ' 
at  either  end,  conduct  the  electrical  impressions  in  either  direction,  and 
it  may  be  considered  therefore  only  an  accidental  circumstance  as  it 
were,  whether  when  m  situ  it  has  conducted  impressions  to  the  central 
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[nervous  system  from  the  poripliery,  or  from  the  centnil   iierrous  system 

tto  the  muscles  or  other  tissuci^.  The  same  fihre  eaiinot  be  used  for  the 
me  purpose  at  one  time,  and  for  the  other  at  another,  simply  because  of 

Ithe  nature  of  its  terminal  organs.  Thus,  when  a  cerebro-Bpinal  iierve- 
ibre  is  irritated  in  the  living  body  as  by  pinching,  or  by  heat,  or  by 
Blectrifying  it, there  is,  under  ordinary  circumstancesjoneof  two  eileote, 

" — -either  there  is  pain,  or  there  is  twitching  of  one  or  more  muscles  to 
which   the  nerve    distributes  its   fibres.     From    various   consideratiooa 

lit  is  certain  that  pain  is  always  the  result  of  a  change  in  the  nerve- 
cells  of  the  brain.  Tlu^refore,  in  such  an  experiment  as  that  referred 
to,  the  irritation  of  tbe  nerve*tibre  is  coudurfed  in  one  of  two  direc- 
tlona,  t.e.,  either  to  the  brain,  which  is  the  central  termination  of  the 
fibre,  when  there  is  pain, or  to  a  muscle,  which  is  the  peripheral  ter- 
mination, when  there  is  movement. 

The  effect  of  this  simple  experiment  is  a  type  of  what  always  occurs 
when  nerve- fibres  are  engaged  in  tbe  jjerformance  tyf  their  functions. 
The  result  of  stimulating  theni,  which  rouglily  iniitates  wliat  happens 
natuntlly  in  the  body,  is  found  to  occur  at  one  or  other  jjf  their  ex- 
tremities, central  or  peripheral,  never  at  both;  and  in  accordauee  with 
this  fact,  and  because,  for  any  given  nerve- libre,  tbe  result  is  always  tlic 
same,  nerve-fibres  have  been  con)monly  classed  as  senmr^^  or  moiffr. 

This  is  not  altogether  accurate,  and  the  termn  vvnlrififfjaJ  or  effi'reid 
and  rent  ripe  tnl  or  afferent  are  more  properly  used,  since  the  result  of 
stimulating  a  nerve  of  the  former  kind  is  not  always  the  production  of 
pain  or  other  form  of  sensation,  nor  is  motion  the  invariable  result  of 
stimulating  the  latter. 

The  terra  inisrrentral  is  applied  to  those  nerve-fibres  which  connect 
more  or  less  distinct  nerve-centres,  and  may,  therefore,  be  said  to  huve 
no  peripheral  distribution,  in  tbe  ordinary  sense  of  tlie  term. 

Impressions  made  upon  the  terminations  or  upon  the  trunk  of  a 
eenfnpeial  nerve  may  ciiuse  (a)  pain,  or  some  other  kind  of  sensation  ;  (if) 
special  sensation;  or  (e)  reflex  action  of  some  kind;  or  (>/)  inJiibition, 
restraint  of  action.  Similarly  impressions  made  upon  a  ceafrif- 
Vfjal  nerve  may  cause  {a)  r-nti traction  of  nuiscle  {motor  nerve) ;  {h)  it 
may  infiuence  nutrition  (tropluc  nerve) ;  or  (r)  may  influence  secretion 
(secretory  nerve) ;  or  (d)  inhibit,  augment,  or  stop  any  other  eflferent 
action. 

11.  is  a  law  of  action  in  all  nerve- fibrea,  and  corresponds  with  \\w  con- 
tinnity  and  simplicity  of  their  course,  that  an  impression  made  on 
any  fibre,  is  simply  and  uninterruptedly  transmitted  along  it,  without 
itself  being  imparted  or  diffused  to  any  of  the  fibres  lying  near  it.  It 
is  possible  that  the  mere  passage  of  a  nerve  impulse  along  a  nerve-fibre, 
however,  may  produce  some  effect  upon  the  neighboring  nerve-fibres. 
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Their  adaptiitioii  to  the  i>iirpos<j  of  simple  eornliirtion  is,  perhaps,  doe 
to  the  contents  of  t*iwh  fibre  being  completely  isoluted  from  those  of  ad* 
jaceiit  Gbres  by  the  inyeliu  slie^th  io  which  each  is  inclosed,  and  which 
acts,  it  may  be  supposed,  just  as  silk,  or  other  non-conductors  of  pjee- 
tricity  do,  which,  when  covering  a  wire,  prevent  the  electric  condition 
of  the  wire  from  being  coiKhjcted  into  the  surrounding  medium. 

Vcloetif/  of  a  Servm/s  ImpnUe. — The  change  wh  ieh  a  gtimulns  s^ts  up  in 
a  nerve,  of  the  exact  nature  of  which  wo  are  unacquainted,  appears  to  travel 
along  a  nerve-fibre  in  both  directions  with  considerable  velocity  in  the 
form  of  a  wave.  HelnilioH?,  and  Baxt  have  estimated  the  average  rate 
of  conduction  in  iiuman  motor  nerves  at  111  feet  (nearly  29  metres)  per 
second;  this  result  agreeing  very  closely  with  that  previouisly  obtainel 
It  is  probably  rather  under  than  over  the  average  velocit}'.  Rotherfurd'i 
observations  agree  with  those  of  Von  Wittich,  that  the  rate  of  transmis- 
sion in  sensory  nerves  is  about  140  feet  (42  metres)  per  second.  Tlje 
velocity  of  the  norvo  impul^^e  in  motor  nerves  has  been  calculated  by  notic- 
ing the  duration  of  the  interval  between  two  contractions  of  the  same 
muscle  when  stiniulatefl  by  means  of  two  ]iairs  of  electrodes,  one  plared 
behind  the  nerve  close  to  tlio  nmscle,  and  the  second  placed  at  a  known 
distance  further  away  from  the  muscle*  The  contraction  ensues  when 
tlu»  stimulus  is  apjilied  further  from  the  muscle  later  than  the  otLer 
case,  and  the  interval  between  the  two  contntctions  is  occupied  by  the 
passiige  of  the  impulse  down  the  nerve.  With  these  data  it  is  concluded 
that  the  velocity  of  the  piissiige  of  the  nerve  inijnilse  in  a  frog's  motor 
nerve  is  28  to  30  metres  per  second.  In  iho  hunian  motor  nerve,  cal- 
culated by  applying  the  stimulus  througli  the  skin  inBteM  of  directlj 
to  the  nerve,  the  velocity  is  greater,  viz.,  about  33  to  50  metres  per 
second.  In  sensory  nerves  the  veh>city  Is  said  to  be  about  30  to  35 
metres  per  second.  Various  conditions  modify  the  rate  of  transmission, 
of  which  frm/H'raiHre  is  one  of  the  nmst  important,  a  very  low  or  a  very 
high  temperature  diminishing  \\;J\tt((fut'ol  the  nerve  acting  in  tLe 
same  direction,  but  increiiHe  of  (he  stimulus  up  to  a  certain  point  iucrear 
ing  it,  aa  does  also  the  kaielecirofoHic  conditimi  of  tlie  nerve. 
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77w*  Ger^rtHSpinal  Nertn^us  ^sfem. — The  parts  of  which  this  sys-l 
tem  is  composed  are  the  following:  {a)  the  spinal  cord  and  it«  nerves;' 
(ii)  the  brain  nijule  np  of  cerebrum,  crura  cerebri  and  the  gangflia  in  con- 
nection with  them,  pons  varolii,  cerebellum,  and  the  medulla  oblongata  ' 
or  bulb  which  connects  the  upper  parts  of  the  system  with  the  spinal 
cord,  or  medulla  spinalis. 

All  of  these  parts  of  tho  nervons  system  are  nerve-centres,  in  contm- 
distinction  to  nerve-trnnks,  and  ditfer  from  the  nerves  in  being  made  t^ii 
of  nerve-celts  and  their  branchings  as  well  as  of  nerve-fibres.      Ah  nuw' 
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conceived,  tlie  norvo-centres  are  conipoBetl  of  nooron,-,  wliilo  tlie  nervc- 
Iruuks  are  tnado  up  (»f  the  iieuraxotis  with  Uieir  various  tcnTiiuuls.   (See 

I  p,  8U  €l  seq, )  There  areoUuT  ganglia  besides  tlieso,  distributed  Ldsewhere 
and  lint  \vilhif»  the  cnmiuiii  inid  8(diiid  cultiiiin,  but  those  are,  fur  the 
eako  of  coiivenienci%con8i<lercd  apart,  under  tiie  liead  of  the  sympathetic 
sjateni,  as  they  present  some  differences  to  the  more  eentnil  ganglia. 

.  The  cerebro-spinal  centres  theu  are  distinguished  from  mere  nerve- 
trunks  by  the  possession  of  nerve-cells;  tiiest^  are,  as  we  have  seen  in  a 
forujer  chapter  (p.  W  ti  wiy. ),  of  tlifferent  kinds;  they  very  possibly 
differ  in  function.  It  is,  however,  to  the  possession  of  ganglion-eells 
that  the  increase  of  the  fiinetiona  of  nerve-centres  over  that  of  nerve- 

[  trunks  is  credited-  Before  turning  to  the  discussion  of  the  functions 
of  the  spinal  cord  it  will  be  as  well  to  devote  a  little  time  therefore  to 
the  question  of  the  functions  of  tlie  nerve-centres  in  general.  The 
ganglia  of  the  sympathetic  system  also  contain  nerve-cells,  but  to  these 
it  is  supposed  a  different  use  is  to  be  assigned,  and  winit  h  said  as  to  the 
functions  of  nerve-ganglia  in  this  place  is  only  to  be  applicil  to  those 
of  the  cerebro-spinal  centres. 

Functions  of  Nekve-centhes. 

Reflex  action. — One  of  the  chief  functions  of  nervo-cells  api>ears 
to  be  the  power  v(  sending  out  impulses  to  the  peri])!iery  alottg  efferent 
nerves  in  response  to  impidses  reaching  them  through  afferent  nerves. 
This  power  is  sometimes  called  the  conversion  of  an  afferent  into  an 
efferent  impulse.  If  may  be  supposed  that  an  impulse  passing  to  a 
nerve- cell  may  produce  such  a  change  in  its  metabolism  that  a  discharge 
of  energy  ensues.  This  discharge  is  in  some  way  passed  down  an  efferent 
nerve  as  stimulus,  and  effects  some  change — motor,  secretory,  or  nutri- 
tive, at  the  peripheral  extremity  of  the  latter — the  difference  in  effect 
depending  on  the  kiml  of  peripheral-nerve  termination.  The  reflex  action 
may  he  limited  in  its  effect,  or  it  may  Ih.^  extensive.  Reflex  movements,  oc- 
curring quite  indeiK^ndently  of  sensation,  are  generally  culletl  ereiiO'tnohr; 
those  which  are  i^nideil  or  iicomi)anied  by  sensation,  but  nt^t  to  the  extent 
of  a  distinct  [*en'etili(m,  ur  intelh'ctual  process,  are  termed  Kfusori-wofor, 

(//)  For  the  nianifeatjition  of  every  reflex  action,  these  things  are 
necessary:  (1),  one  or  more  perfect  afferent  fibres,  to  convey  an  impres- 
sion; (2),  a  m'TVous  trnfrr  for  its  receptimi,  and  liy  which  it  may  Ik^  re- 
flected; (3),  one  or  more  efferent  nerve-fibres,  along  which  the  impres- 
eion  nuiy  be  conducted  to  (4)  the  nniscular  or  other  ti.saue  by  which  the 
effect  is  Tunuift'shML  All  this  means,  in  simpler  statement,  that  for  the 
production  of  a  reflex  action  there  must  he  two  perfect  neurofis,  a  sen- 
6ory  or  afferent  and  a  motor  or  efferent.      Tliis  arrangement  is  shown  in 
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Jig.  oiU,     (/>)  AH  relkx  actiouu  tiru  cstfeutially  ifirohtftiari/^  tbough  ntoet 

of  tliem  atlniit  of  being  modified,  controlled,  or  preventecj  by  a  vuluuturj 

effort. 

{t.}  Keflex  actions  performed  in  health  have,  for  the  moflt  part,  a  dis- 
tinct purpose,  and  are  adapted  to  secure 
mum  end  desirable  for  tfie  well-being  ufllie 
body;  but,  in  disease,  mauy  of  them  ure 
irregidar  and  ptir[inselesg, 

(f/)  Muaciilur  eon  traction  8  prod  need  bjf 
reflex  action  are  often  more  gustained  than 
those  iiroductd  by  the  direct  stimnlug  of 
motor  nerves  tbcnisclvct?.  The  irritation 
of  a  mnsciilar  orgiin,  or  its  motor  nerve, 
jirodiicea  cou  traction  lasting  only  so  long  as 
I  he  irritation  continnes*;  btit  irritation  ap- 
jjlied  to  a  nervcjns  tientro  through  one  of  its 
centripetal  nervea  mm  excite  reflex  ami 
harmoniums  contractions,  which  lagt  eoiae 

of  then^iiex  r..*^i'httijisii..  withti  tieti-   time  fiftcr  tlie  witlulrawfil  of  the  i-timahia, 

niT-i motor  Dourona.  iOiftfjoi/.s  hehreeji  ih**  Nittirtln^  trnti  fhf 

Kffrd    profhtrnL — Certain    rules    eh  owing 

the  relation  between  the  resulting  retlex  action  and  tlio  stimulus  have 

been  drawn  np  by  Pflfiger  as  f^dlowe: — 

1.  Law  uf  nnilnfcral  refltciion. — A  slight  irritation  of  the  surface 
supplied  by  certain  st^nsory  nerves  is  reflected  aion^  the  motor  neryes  of 
the  same  region.  Tims,  if  the  skin  of  a  frog's  foot  be  tickled  on  the 
rUjht  side,  the  rt/;///  leg  is  drawn  np. 

2.  Law  0/  sj/mmririerfl  refh'f'fion. — A  stronger  irritation  is  reflectedi 
not  only  on  one  side,  but  also  along  the  corresponding  motor  nerves  of 
the  opposite  side, 

3.  Law  of  inff'}isif)/.^^ln  the  above  ease,  the  contractions  will  !je 
more  violent  on  the  side  irritated,  but  it  must  not  be  tissume<l  that  the 
effect  is  always  in  proportion  to  the  strength  of  the  stimnlns- 

4.  Law  of  radiallon, — If  the  irritation  (utTerent  impulse)  increasea, 
it  is  reflected  along  other  motor  nerves  till  at  length  all  the  muscles  of 
the  body  arc  thrown  into  action. 

In  the  simplest  form  of  reflex  action  a  sir^gle  sensory  and  single  motor 
neuron  may  be  supposed  to  he  concerned,  but  in  the  majority  of  actual 
actions  many  neurons  are  probably  engaged.  The  impulse  is  carried  by 
collatends  up  and  down  to  different  levels  of  the  spinal  cord,  and  thus 
a  number  of  groups  of  cells  are  affected  (fig.  34Ua). 

The  reflex  effect  produced  by  a  stimulus  applied  to  a  sensory  surface 
depends,  however,  not  only  upon  the  strength  of  the  stimulus,  but  also 
upon  otlier  circumstances,  the  most  important  of  which  is  the  condi- 
tion of  the  nerve-centre  itself.     Looking  upon  the  effect  produced  os 
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the  restilt  of  the  disclmrgu  m  it  were  of  oiiergy  froni  tlio  cmtro,  it  iiiuy 

be  Hiippiiscii  tliat  fiunietiiues  the  centre  is  in  a  more  explosive  coiKliti^ai 

than  lit  uiiotber;  this  is  shuwn  forexuniplo  iu  the  case  of  a  frog  iioiaoiRil 

tby  atrychiunc,  when  tho  slightest  Btiunilna  apiilied  tu  tho  skin  will  pm- 

liluco  tlie  most  violent  auil  general  Ittauic  apiiams,  ^v hilts  under  ordiomj 

}circnimstai]0i?8  the  contraction  of  a  few  niuicles  only  would  result.     We 

nin^t  iil^o  aitpfioao  that  tho  centr(*a  are  purticnlarly  fienBitiva  to  particn- 

kr  kiuiii  of  atiiiiuli,  fionjo times  prodiitring  very  exteDsive  and  violent 


^ki^f^  . 


~J^ 
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F1^.  .14Ua.  — Sliowiti^f  tlif  armtiii^tmieDt  of  a  8im]ile  ri'fl«'jc  n»(n:lmnisiu  c<>rti|>oMH]  of  a  motor  luid 
jieiisf.ry  tit-iirnu,  *!/,  Pr«terior  spinal  ganglJuu;  ^aud  »th,  semory  root;  m,  tnnU»r  nt^rve  eell;  niM>, 
motor  rofjt. 

muscular  actions  in  response  to  a  slight  stimulus  of  a  special  kind. 
Such  a  condition  is  illustrated  in  the  violent  and  general  muscular 
spasm  a  occurring  when  a  small  particle  of  fuod  passes  into  the  larynx, 
violent  expiratory  spaanjs  accumpaniod  hy  contractions  of  other  musciea 
taking  place. 

A  nerve-centre  mnst  be  considered  as  capable  by  its  connections 
with  efferent  nerves  of  producing  most  extensive  mnscnlar  nunements, 
and  when  from  any  reason,  either  by  the  intensity  of  the  afferent 
stimuli  reaching  it,  or  by  the  special  nature,  extent,  or  point  of  appH- 
cation  of  the  alTereut  stimuli,  or  by  special  changes  in  its  own  nietabol- 
iBEi  brought  about  by  poison  or  by  some  other  means,  a  maximum  dis- 
charge takes  place,  tlie  resulting  movements  are  most  extensive.  Under 
ordinary  conditions,  however,  a  alight  atimuhia  produces,  as  above  men- 
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tioned  onlj  a  moderate  discbarge  from  the  centre,  the  movement  \mng 
centre  may  be  not  only  not  to  set  it  into  activity,  but  to  preTent  or 
shop  im  iietion  already  going  on.  On  the  other  band,  the  action  of 
allcvrt'iit  iiiipiikuB  upon  a  nerve-centre  may  be  to  augment^  render  more 
powerful  or  ext-ensive,  and'  incrciiso  in  a  certain  direction  an  action 
already  in  course.  Such  may  be  woll  illustrated  by  the  action  of  the 
to  a  certain  extent  (?o-extensivc  with  the  ntrength  of  the  stimulua. 

Tlie  time  taken  in  a  n^flex  action  has  been  found  to  be  .066  to  .058 
Bt'i^oiid,  but  this  i^  only  a  nuigfi  an<J  arbitrary  estimation* 

Automatism. — A  second  function  which  ap|icars  to  Ik*  possiessed  by 
certain  nerve-centres  and  not  by  others  is  that  of  autonmtic  action  or 
automation.  By  tfjis  is  lucaut  that  it  18  not  dependent  for  itj^diiicharge 
u[Hm  any  alTcrcut  stimuli,  but  that  it  is  capable  of  sending  out  of  itself 
etiercnt  impulses  of  various  kinds.  The  centre  maybe  KUpposed  to  do 
tliis  by  the  ruitureof  it^  own  metabolism,  auabolism  or  building  up  of  the 
explosive  substance  being  followed  by  katal>olisui  or  its  dit^^charge*  So 
that  the  centre  sends  out  its  ImpnlaeB  to  muscles  rhythm ic'ally.  Such 
a  power  of  automatism  we  have  seen  is  attributed  to  the  respiratory  cen- 
tres in  the  luilb. 

Inhibition  and  Augmentation.— Not  only  may  movements  of 
nin  soles,  discharge  of  secretion  from  gland'Cells  an<l  the  like  be  produced 
byalTereiU  impu!?ies  reacdung  nerve-centres,  but  also  inliiliition  of  action 
which  is  already  taking  place*  This  is  well  seen  in  the  matter  of  the 
iidiibitory  action  of  tlu^  vagus  upcm  the  cru'diac  contractions.  Hie  vti^i 
convey  to  the  he^rt  impulses  from  the  cardio-iidiibitory  centre*  which 
have  a  restraining  action  npon  the  coutractions  of  the  heart,  as  is  seen 
by  the  incretisc  in  the  fref|uency  of  the  hcart-beat^s  when  the  vagi  are 
divided;  but  we  have  seen  that  appropriate  afrerent  stimuli,  as,  for 
example,  wlien  applied  to  the  abdominal  sympathetic,  may  increase  the 
action  of  the  centre  to  such  an  extent  that  the  Ijcart  nuiy  Ijo  altogether 
stopped  in  dia^^tole.  In  such  a  chsc  the  result  of  the  afferent  stimuli 
upon  the  centre  has  been  to  produce  comjdete  inhibition  and  not  mnfi- 
cnlar  contraction.  This  is  not  the  only  example  <*f  inhibition  which 
n)ight  be  instanced;  the  action  of  almost  uny  centre  may  be  inhibited 
by  impulses  reaching  it;  indeed  the  effect  of  ntferent  impulses  upon  a 
vagi  upon  the  respiratory  centres  to  which  attention  has  been  draifvn  in 
the  chapter  upon  respiration. 

Membranes  of  the  Brain  and  Spinal  Cord.— The  Brain  and  Spinal  Coid  an^ 
euvelofK^I  in  threi*  membranes— (1)  the  Dura  Mater,  (2)  the  Ara.chnoid,  {$) 
the  Pia  Mater. 

ii)  Ttie  Dttra  Mater,  or  ext**mal  covering,  is  a  tough  membrane  composed  of 
hundlcb  of  coiiriwtivc- tissue  which  cross  at  various  aot^les,  and  m  whose  inter- 
sticc»g  brtmchrtl  eonneetive- tissue  corjutsL-les  lit? :  it  is  1  ined  by  a  thin  elastic  mem- 
brane,  and  on  the  iiioer  surface  and  whert;  it  is  not  adliereut  to  the  bone,  on  the 


ak  of  the  body  has  be«o  neroov^d  *  * 


TbA  ni;ht  half  of  the 
ih«  iricfnbn&Doi  ni  the 


, . , , hj  m  vertical  section  ; 

J  ^  !^'  »^y^^90  beeD  removed,  and  the  rootaaod  first  part  of  the  fifth  and  ninth 
1-5.^'  ^'  3'*™^  tierres  of  the  rlRfataide,  ham  beeo  dJmwtod  oot  aod  laid  wpanwelr  on 
I  of  the  iJEiar  aod  on  the  aeveral  vertcihrw  opfMXite  to  the  place  of  their  natural  exit  from 
tk>«plJial  caTity.    (After  Bmirgvry.) 

The  Pia  Mater  cnnslsta  of  two  chief  Inyers.  betweeo  which  Dumerous  blood- 
I  rnmify.  Iklwein  the  amclinoid  htxI  pm  inater  i»  a  network  of  llbroun- 
Irab«culii3  sheathed    with   eudutbelftil  cellai   these  auh-antcliooid  trabecuko 
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divide  up  the  si ib- arachnoid  space  into  b  number  of  irre^lar  sitiuses.  There 
are  somp  similar  trnheculf?*.  but  much  fewer  in  ntimber,  travf^rsing  the  lub-dtml 
space,  i.e.,  tbe  sfwy/e  l>etwe€>n  tbu  dura  mater  and  arachnoid. 

Fiicchiouktn  Iwxiies  are  Ki"Owths  frnui  tbe  sub-arachnoid  network  of  ccooec- 
tivetissue  trabeouhL*  which  pri>jt*ot  tlirough  small  holes  in  the  inner  lajeriof 
the  dura  mater  into  the  venous  sinuses  of  Uiat  membrane.  The  venous  sinusis 
of  tbe  dura  mater  have  been  injected  from  the  uub-arachnoidal  space  through 
the  inteniiediatiou  of  these  villous  outgrowths. 

The  Spinal  Cord  and  its  Nerves, 

Tbe  Spinal  cord  is  a  cyliudriform  column  of  nerve-substance  cod- 
ncoted  above  with  the  brain  through  the  inediiira  of  tlie  bulb,  and  ter- 
niinivtiug  below,  about  the  lower  border  of  the  fii*at  Irnubar  vertebra,  in « 
slender  lilanient  of  gray  aubatauee.  Dig  fihun  terminah^  which  lies  in  the 
midst  of  tbe  roots  of  many  nerves  forming  the  cmtda  equina. 

Structure. — ^Tho  cord  is  ct  mi  posed  of  white  and  gray  nervous  gob- 
stance,  of  which  the  farmer  is  situated  cxtermdly,  and  constitutes  iu  chief 
portion,  while  the  hitter  occupies  ita  central  or  axial  portion,  and  is  so 
arranged,  that  on  the  surface  of  a  trauavcrse  section  of  the  cord  it 
appears  like  tvvo  somewbafc  crcBccntie  niiiast^  connected  together  bja 
narroM^cr  portion  or  iathnius  {tig,  35(1).  Paaaing  through  the  centre  of 
this  isthmus  in  a  longitudinal  <li recti o?i  is  a  minute  c^anal  (central 
canal),  wliicli  is  contiiuied  tlinuigh  the  whole  length  of  the  cord,  and 
opens  above  into  tbe  space  at  the  back  of  medulla  oblongata  and  poM 
Vur(dii,  called  the  fourth  ventricle.  It  is  lined  by  a  layer  of  columnar 
ciliated  epithelium* 

The  spiual  cord  consists  of  two  exactly  symmetrical  halves,  separated 
anteriorly  and  posteriorly  by  vertical  /?.!?>•  «m^  {the  posterior  fissure  being 
deejier,  hut  less  wide  and  distinct  than  the  anterior),  and  united  in  the 
middle  by  nervous  matter  which  is  usually  described  as  forming  two 
commissures— an  anterior  commissure,  in  front  of  the  central  canal, 
couijisting  of  ri ted u Hated  neTve-tibrea,  aud  a  pofiferior  coniTniesure  behiml 
the  central  caual  consigtiug  iilso  of  medullated  nerve-Obres,  but  with 
more  neuroglia,  which  gives  the  gray  aspect  to  this  commifiijurc.  The 
lit >rus  of  the  corumiBaures  aro  mainly  composed  of  collaterals.  Each 
bulf  of  tlu!  ripiual  curd  is  marked  on  tlio  sides  (obscurely  at  tbe  lower 
partj  but  distinctly  above)  by  two  longitudinal  furrows,  which  divide  it 
into  three  portious,  columns,  or  tracts,  an  anterior^  lateral^  and  posterior, 
Fnmi  the  groove  between  the  anterior  and  lateral  columns  spring  the 
(t)itevwr  rotds  of  tlio  spinal  nerves  (4);  and  just  in  front  of  tho  groove 
between  the  lateral  and  posterior  columns  arise  the  fwstmHor  roots  of  the 
same;  a  pair  of  roots  on  eatdi  side  correnponding  to  each  vertebra. 

White  Matter,— The  wliito  matter  of  the  cord  is  seen  to  he 
made  up  of  medullated  nerve-fibres,  of  different  sizes,  arranged  longi- 
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tiidiually,  and  of  a  supporting  material  of  two  kmdfli  T?iz, : — (a)  ordinary 
fibrous  counective  tissue  yf9iih  elastic  fibrci,  which  is  connected  with 
lepta  from  the  pia  mater  wljich  pass  into  tlie  cord  to  carry  the  blood 
Yeeaels*  {!/)  Neuroglia;  thid  material  is  made  up  of  the  branching  eclk 
(fig*  351a),  the  bodies  of  which,  iu  consequence  of  the  high  developmeut 
of  the  brauchings,  are  small.  The  processes  of  the  neuroglia-cella  are 
arranged  60  as  to  support  the  nerve-tlbrcs  which  are  without  the  usual 
external  nerve  sheaths.  Neuroglia  was  formerly  considered  to  be  a 
kind  of  counective  tissue,  but  is  now  considered  to  be  a  distinct  materiah 


Fijr.  asOA.— Horizontal  section  of  the  cord  nnd  tta  envelopes,  at  the  middle  of  a  v«Tt«hrol  body 
(Schemtttfc),     U  Spliiftl  cord  with  2,  Ufl  aitterior  ini^JAn  flSBure;  3.  itn  pttstt^rior  meiliau  Assure; 


4,  anterior  roots;  6,"  poaterior  roots;  6,  pia  nialer  fiu  red);  7.  lij^aiiieDtuni  deiTrattim;  8,  conneet- 
'  ^  _^  jpiutKJD^  from  the  pia  to  dura  mater;  9.  visceral  layer  and  ¥,  j>ari**ta]l  layer  of  the 
•nchnoid Urn  blue);  in.  sobfliriiehiioid  spntv;  11,  ftrachn old  cavity:  12,  dura  mater  tin  yellow >;  13, 


iug   flbtiefl 


pctiovtetmi ;  !•)'.  external  periosteum;  f4,  cellular  Utwue  t«itiiaC«^i  lietwet^n  the  dura  mater  and  the 
Wftll  of  the  vert»?braJ  canal;  Ift,  common  posterior  vertebral  ij^ameEii;  Ifl,  tot rasplnnl  veins; 
vert  ebra  1  n  secrlioD .    (Test  u  t, ) 


It  ia  derived  from  the  neural  epiblaet,  and  yields  neuro-keratin.  (8ee  p. 
117.) 

The  general  rule  respecting  the  aize  of  different  parts  of  the  cord 

appears  to  he,  that  each  part  is  in  direct  proportion  in  this  respect  to  the 
size  and  number  of  nerve-roota  given  off  from  it,  and  has  but  little  rela- 
tion to  the  size  or  number  of  those  given  off  below  it.  Thus  the  cord  is 
very  large  in  the  middle  and  lower  part  of  its  cervical  portion,  whence 
arise  the  large  nerve-roots  for  the  formation  of  the  brachial  plexuses  and 
the  supply  of  the  upper  extremities,  and  again  enlarges  at  the  lowest 
35 
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part  of  its  dorsal  pcirtion  and  the  iip|>er  part  of  its  lumbar,  at  the  origiui 
of  tlie  large  nerves  whi^h,  after  forming  the  lumbar  and  sacral  plexi3»ei, 
are  distributed  to  the  lowar  extremities.  The  chief  cause  of  tlie  greater 
size  at  these  parts  of  the  spinal  cord  is  incre^ise  in  the  quantity  of  grijr 
matter;  for  there  seems  reasnu  to  bt-lieve  that  the  white  part  of  the 
cord  becomes  gradually  and  progressively  larger  from  below  upward^ 
doubtless  from  the  addition  of  a  certain  number  of  upward  paaiing 
fibres  from  each  pair  of  nerves. 


^•.•,\)'-.-x^<t\'v 


r 


Fi|f.  JKl.— From  ih©  lower  liinib&r  etircl  of  mwi.  after  a  pre-purRtiotj  by  KmDiM»  rni-l  Mftllw,  of 
BtTllii  (No,  n,15:i).  Ri^iiiifft  In  WHsrert  aiivl  PnPs  melhod,  A  fiortlon  of  the  jrniy  tni'  •  -  -  f  'hr 
v»+iiirnl  cornu  with  !h(*a/l|<Wntnjr  }M>rrh)nH  of  th*'  liiterni  c^»Iiimii  is  r**pres«*nUHJ,  s  n  r 

hirrn  t^elk  nDcl  Oii'^  niu<  TfU'><1ii1]4it<e<(l  rihrfiH  which  t>uO'r  the  ^rnv  stiljstiuic**  fiN.fii  tJi.  uij 

riHU  wirniliJiiii  the  iiiL*rve-c*-'ll»»  irhicli  htsre  ur«  pruvldwl  willi  flnei  pipmeiitecl  cratiuk^.     iuku  uuitor. 

From  careful  ei^timatea  of  the  number  of  nerve-fibres  in  a  transYerse 
section  of  tlio  cord  toward  its  upper  end,  and  tlie  number  entering  or 
issuing  from  it  by  the  anterior  and  posterior  roots  of  eacli  pair  of  nerves, 
it  has  been  shown  that  in  the  liumau  spinal  cord  not  more  than  half 
of  the  total  number  of  nerve-fibres  of  all  the  spinal  nerves  are  contained 
in  a  transverse  section  near  its  upper  end.  It  is  obvious,  therefore,  that 
at  least  half  of  the  nerve-fibres  entering  it  must  terminate  somewhere  in 
the  cord  iLself. 
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Tbe  gray  matter  of  the  spinal-cord  consists  of  numerous  groups  of 
nerve-cells,  of  a  close  mesliwork  of  medullated  fibres,  roost  of  which  are 
very  fine  and  delicate,  and  of  an  extremely  delicate  network  of  axis- 
cylinders.  This  latter  fine  plexus  has  been  called  "  Gerlach's  network." 
Mingled  with  it  and  supporting  it,  is  the  meshwork  of  the  neuroglia, 
which  is  finer  even,  in  its  structure,  than  that  of  the  nerve-tissue,  so 
that  except  under  proper  staining  and  illumination,  it  may  appear 
granular.  This  is  especially  developed  around  the  central  canal,  which 
is  lined  with  columnar  ciliated  epithelium,  the  cells  of  which  at  their 
outer  end  terminate  in  fine  processes,  which  join  the  neurogliar  network 
surrounding  the  canal,   and   form  the  substantia  gelatifwsa  centralis. 


V\g.  851  A.— Different  tvpee  of  neuroglia  cells.    (After  v.  Gehuchten.)    6,  Neuroglia  oells  of  the 
white  substance,  and  c,  of  the  gray  substance  of  the  cord  of  an  embryo  calf. 

Neuroglia  was  formerly  thought  to  be  mainly  present  in  the  tip  of  the 
posterior  cornu  of  gray  matter,  forming  what  is  known  as  the  substantia 
gelatimsa  lateralis  of  Rolando,  through  which  the  posterior  nerve-roots 
pass.  This  is  now  known  to  be  composed  of  very  small  nerve-cells  and 
their  processes. 

Groups  of  cells  in  gray  matter.^The  multipolar  cells  are  either  scat- 
tered singly  or  arranged  in  groups,  of  which  the  following  are  to  be  dis- 
tinguished on  either  side — certain  of  the  groups  being  more  or  less 
marked  in  all  of  the  regions  of  the  cord,  viz.,  those  (a)  in  the  anterior 
cornu,  (b)  those  in  the  posterior  cornu,  and  (c)  intrinsic  cells  distributed 
throughout  the  gray  matter. 

(a)  The  cells  in  the  anterior  cornu  are  large  and   branching,  and 
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each  gives  rise  to  an  axia-cyliDder  proceas  which  passes  ofit  in  the 
anterior  nerve*root»     These  eelta  are  everywhere  conspicootis,  bat  are 

particularly  numerous  in  the  cervical  anJ  himbar  enlargetnents.  In  theee 
districts  they  may  be  divided  iuto  several  groups — (i.)  a  group  of  large 
cells  close  to  the  tip  of  the  inner  part  of  the  anterior  comn — all  the  celb 
of  the  anterior  cornu  in  the  dorsal  or  thoracic  region  are  said  to  belong 
to  this  group;  (ii.)  several  lateral  groups  (2,  <i,  bj  and  r,  6g.  353) on 
the  outer  side  of  the  gray  matter,  and  (iii. )  a  certain  nnmber  of  celliai 
the  base  of  the  inner  part  of  the  anterior  cornu  particularly  well  marked 
in  the  thoracic  region,  (b)  Cells  of  the  posterior  corn n— these  are  Dot 
numerous;  they  are  small  and  branched,  and  each  has  an  axis-cylinder 
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Fljf.  352.— Section  of  sptnat  t^ord.  ttne  half  of  which  (left)  shows  the  trscCa  of  the  wWto 
EDAtter,  and  the  other  half  (rig:ht>  k1h)wh  the  poeUioii  of  the  nerre  ceUs  in  thb  gmjr  matter.  7, 
10,  9  and  dare  Cnk«:tH  of  detw^ndiiiic  degeDeratiou,  1,  4,  6  and 8,  of  asoeDdlDg  deg«D«ntloa.  Scni- 
dliigr&miuatic.     (Alter  Ejherrlu^^tii,) 

process  passing  off;  but  these  proceaaea  do  not  pass  into  the  posterior 
nerve-roots.  The  groups  are  two  at  least  in  number,  viz,,  (i.)  io  con- 
nection  with  the  edge  of  the  gray  matter  externally,  where  it  is  consider' 
ahly  broken  up  by  the  passage  of  bundles  of  fibres  through  it,  and  ca]le<l 
the  lateral  reiicuhtr  forrmition;  and  (ii.)  in  connection  with  a  similar 
reticular  formation,  more  at  the  tip  of  the  gray  matter  of  the  posterior] 
cornu;  this  is  known  as  the  posterior  rfifindar formafion, 

A  group  of  cells  (No  3,  &g,  352)  is  situated  at  the  base  and  roe- 1 
dian  side  of  the  posterior  cornu.  It  is  formed  of  fairly  large  cells,  fuai* 
form  in  shape,  and  constitutes  the  posterior  vesicular  column,  or  Clarke'ij 
cokimn.  It  extends  from  the  upper  himbar  to  the  lower  cervical  region. 
On  the  outer  portion  of  the  gray  matter,  midway  between  the  anterior 
and  posterior  cornua,  is  a  group  of  cells,  known  as  tho  cells  of  the  hteral 
gray  column.     These  are  small  and  spindle-shaped,  and  are  more  or  1^8 
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ced  in  the  lumbar  region,  m  well  m  m  tho  thoracic  region  (No. 

IP,  fig.  63^-2). 
I  (r)  Besides  tbeflo  groups,  whit^h  ]i«ve  their  names  largely  on  ac- 
count of  their  location,  there  are  (liatribnted  throughout  the  gray 
iriHtter  n  very  largo  number  of  other  cells,  which  are  known  m  intrinsic 
br/fa.  These  send  out  neuraxons  which  \mm  into  the  whito  mutter 
of  the  same  or  the  opposite  sitlc,  pa&i  up  ainl  down  tho  eonl,  enter  the 
gray  matter  again,  and  councet  there  by  their  ond-liruslies  with  cella  at  a 
different  level  of  the  cord.  The  intrinsic  cella  are,  tljereforc,  in  the 
main,  oomniisgural  in  their  function,  that  ia  to  sav,  they  uoite  the  iwo 
gides  or  diffeiont  levels  of  the  cord,  Tlioy  are  also,  theuiselves,  in  re- 
lation with  tlie  fibres  and  cells  of  tho  anterior  and  posterior  cornua. 

Columns  and  iractaiu  the  white  matter  of  the ^ipimd mni. — In  addition 
to  the  columns  of  the  white  matter  which  are  marked  out  by  tho  pointa 
from  whieh  tlie  nerve*roots  iasue,  ami  which  aro  the  anterior ^  tho  lateral 
and  poderior^  the  |>osterior  is  further  divided  by  a  septum  of  the  pi  a 
mater  into  two  almost  erpiul  parts,  constituting  tho  pfMienhCTtfrmd 
column^  or  rolumn  of  Burditch  (fig.  353,  2),  n.m\i\w pmiero-nuditm^  ox 
column  of  iJnU  (fig.  353,  1).  In  addition  to  thoBe  columns,  however,  it 
hii8  been  shown  that  tho  white  matter  can  bo  tstill  further  subdivided. 
Thi8  Hubdi vision  huii  been  uceompliuhcd  by  evidence  of  several  kinds, 
that  the  parts  or,  as  they  are  called,  tracts  in  the  white  matter,  iicrform 
di  tie  rent  functions  in  the  condnction  of  impulses. 

B       The  methods  of  observation  arc  tho  following: — 

^  {^if )  The  tmhrtjolo(jifal  method.  It  has  been  found  that  if  the  devolojt- 
ment  of  the  spinal  eord  bo  carefully  ohBorved  at  ditTerent  stages  tliat  cer- 
tain groupa  of  tlie  ncrve-tihrcii  put  on  their  myelin  sheath  at  earlier  peri- 
ods than  others,  and  that  tho  dilTcrent  groups  of  fibres  can  therefore  l>e 
traced  in  various  directions.  This  is  known  as  tho  method  of  Fleohsig, 
(A)  Waller ittn  or  deijenf^ruiiun  nwihotL — -This  metliod  depends  upon 
the  fact  that  if  a  nerve-fibre  is  separated  froni  its  nerve-cell,  it  wastes  or 
degenerates.  It  consists  in  tracing  tiie  course  of  tracts  of  degenerated 
fibres,  which  result  from  an  injury  to  any  part  of  the  central  nervous 
ajBtem,  When  fibres  degenerate  below  a  lesion  the  tract  is  said  to  be 
of  de^scendiuff  defjeneratinn^  and  when  tlie  fibres  degenerate  in  ttio  opp4J' 
git©  direction  the  tract  is  one  of  a^rt^nding  dn/rnrration.  By  modern 
methods  of  staining  of  tho  eentral  nervous  system  it  has  proved  com- 
paratively easy  to  distinguish  degenerated  parts  in  sections  of  the  cord 
and  of  other  portions  of  the  central  nervous  system.  Degenerated 
fibres  have  a  different  staining  reaction  when  the  sections  are  stained 
by  what  aro  called  Weigert'S  and  March i 'a  methods.  Aecidenta  to  tho 
central  nervous  av^tem  in  man  have  given  us  much  infermation  upon 
this  subject,  but  this  has  of  late  years  been  auppleiuented  and  largely 
extended   by  the  experiments  on  animals,  particularly  npou  monkejs; 
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aiifl  ('onsirleDiblo  light  Ima  been  by  these  means  slied  upon  the  coiidaetion 
of  irnpulsrg  in  n\u\  frmu  tho  nervous  system  by  the  study  of  the  resiiltscif 
section  of  diili^rent  parts  of  the  central  nervous  system,  ami  of  the  spbal 
nerve-roots.  Thus  we  have  not  only  cmbryological  evidence  mafiping 
out  different  tracts,  but  also- coufirnin Lory  pathological  and  experimentid 
obstTV  lit  ions. 

The  tracts  which  have  been  made  out  are  the  following: — 

(n)  Of  descending  degeneration* 

(i,)  I'/te  ero-md pffmmidal  tniri  (^g,  352,7).^ — This  tract  is  sitm 
to  the  outer  part  of  the  posterior  cornu  of  gray  matter.  It  is  f< 
throughout  the  whole  lengtli  of  the  spinal  cord;  at  the  lower  part  itoi^ 
tends  to  the  margin  of  tho  cord,  but  higher  up  it  becomes  displ 
from  this  position  by  the  interpolation  of  another  tract  of  fibres,  to  be- 
presently  described,  viz.,  the  direct  cerebellar  tract.  The  crosecd 
pyramidal  tract  i«  large,  and  may  touch  the  tip  of  gray  matter  of  tbe 
posterior  cornu,  but  is  separated  from  it  ekewhere.  In  shape  on  croai- 
section  it  is  somewhat  like  a  lens,  but  varies  in  different  regions  of  tha 
cord,  and  diminishes  in  sixe  fnmi  the  cervical  region  dowTiwar«l 
The  tract  is  particularly  well  marked  out,  both  by  the  degeneration  and 
the  embryological  methods.  The  fibres  are  supposed  to  pass  ojf  m  tbey 
descend,  and  to  join  the  various  local  nervous  mechanisms  of  nerve  celb 
and  their  branchings  which  are  represented  in  tho  cord.  The  tract  of 
degeneration  nuiy  be  traced  npward  beyond  the  cord,  in  a  way  to  be 
presently  described.  The  fibres  of  which  this  truct  is  composed  are 
moderately  large,  but  are  mixed  with  some  that  are  smaller. 

(ii.)  The  ditrri  or  nnerossed  pyramidal  tract  (fig.  352,  10). — This 
tract  is  situated  in  tliu  anterior  column  by  the  sides  of  the  anterior 
fissure.  It  is  smaller  than  (i.),  and  is  not  present  in  all  animalg, 
though  conspicuous  in  the  human  cord  and  in  that  of  the  monkey.  It 
can  be  traced  upward  to  the  cerebral  cortex,  and  downward  as  far  as 
t!ie  mid  or  lower  thoracic  region,  where  it  ends, 

(iii.)  AnierO'Merai  descetuUng  travt  (tig.  353,9). — An  extensive 
tract,  elongated  but  narrow,  and  reaching  from  the  crossed  to  the  direct 
pyramidal  tract.  It  is  a  mixed  tract,  since  not  all  of  its  fibres  degenerate 
below  the  lesions. 

(iv.)  Comma  Iravi  (fig.  352,  S)  is  a  small  tract  of  fibres  which  degen- 
erate below  section  or  injury  of  the  cord.  Its  pre-sence  baa  been  demon- 
strated in  the  cervical  and  thoracic  regions.  It  is  snpposed  to  consist  of 
tbe  descending  collaterals  of  tho  posterior  nerve-roots  as  they  pass  into 
tho  postero-external  columns. 

{h)  Of  ascending^  degeneration. 

{i.)  rtisttrn-mvdifUi  rfthimu  {\i^.  '.152,1). — This  tract  degenerates up- 
w^ard  on  injury  or  on  section  of  tbe  cord,  as  well  as  on  section  of  tlie 
posterior  nerve  roots.  It  exists  throughout  the  whole  of  the  cord  from 
''4»low  up,  and  can  be  traced  into  the  bulb.     It  consists  of  fine  fibret* 
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(\\,)  Direri  rrreMlftr  irtiei  (fig.  352,  6). — This  tract  is  situatetl  od  the 
liter  part  uf  tlit*  cunl  betwi'eii  tlio  crossed  pynimitlal  trat-t  and  the  mur- 
iM.  It  is  found  in  the  cervical,  thoracic  ami  upper  luriibar  regions  of 
tho  cord,  and  incrcfiaes  in  sizo  from  below  upward.  It  degenerates  on 
injury  or  section  of  the  cord  itself,  bnfc  not  on  section  of  the  posterior 
nerve-roota.  As  its  name  irnjiliea  it  is  l^elioved  to  pass  up  into  the  (jcre^ 
belkiin.     Its  fibres  are  coarse. 

(iii.)  A  ittrrO'lttirytti  ttHteiidint/  intrl  (  Tmri  of  <i otters  and  Tooth)  (fig. 

•^,  8), — Thia  traet  haa  been  sliovvn  on  injury  to  the  spinal  cord;    it  is 

ituated  at  tlio  rnarLjin  of  the  eord  outside  of  tlie  corresponding  descend- 

iig  traet.     It  ia  traceable  tliroughont  the  whole  length  of  the  cord.     Its 

irus  arc  composed  of  mixed,  fine  and  coarse,  clement  a. 

(Iv.)  Tract  uf  Lissauer^  or  posterior  marffintd  zone  (fig.  :ttV2,  4).— A 
emalS  tract  of  fin©  wljite  fibree,  situated  at  the  apex  of  the  posterior 
horn,  is  made  up  of  fibres  from  the  posterior  nerve-roota  which  enter  the 
coUunr)  anfl  pass  up  and  down  for  a  short  distance,  finally  entering  the 
posterior  iiorn  where  tfiey  terminate  in  ^n^  end-brnshes  around  tho  cells 
of  the  posterior  horn. 

It  will  thna  be  seen  that  tho  wliite  matter  of  thospinaUcord  has  three 
general  diviaiona,  into  the  anterior,  the  hiteral,  and  posterior  columns. 
These  columns  are  aubdivided  ititr*  fKilumna  in  which  the  fibres  degener- 
ate upward,  those  in  whicli  the  fibres  degenerate  downward,  and  otlier 
columns  in  which  the  fibrea  do  not  degenerate  either  way  when  tlie  cord  is 
en t  across.  These  parts  of  the  cord  are  composcil  of  coJnmi^'au^al  fibres 
whicdi  connect  diifiierjt  levels  of  the  cord»  These  commiaaural  columns 
are  the  antero-lateral  columns,  the  lateral  limiting  layer,  and  the  column 
of  Bnrdach.  The  arrangement  of  these  columns  is  shown  well  in  the 
figure  (tig.  35*^). 

Spinal  Nenres.— The  spinal  nervea  consist  of  thirty-one  pairs,  issuing 
from  the  sides  of  the  whole  length  of  the  cord,  their  number  correspond- 
ing with  the  intervertebral  foramina  through  which  they  pass.  Each 
nerve  arises  by  two  roots,  an  anterior  and  posterior,  the  latter  being  the 
larger.  The  roots  emerge  through  separate  apertures  of  the  sheath  of 
dura  mater  surrounding  the  cord;  and  directly  after  their  emergence, 
where  the  roots  lie  In  the  intervertebral  foramen,  a  ganglion  is  found 
on  the  posterior  rooL  The  anterior  root  lies  in  contact  with  the  anterior 
surface  of  the  ganglion^  but  none  of  its  fibres  intermingle  with  those  in 
the  ganglion  {^g.  350,  5).  But  immediately  beyond  the  ganglion  the 
two  roots  coalesce,  wwA  by  the  mingling  of  their  fibres  form  a  compound 
or  mixed  spinal  nerve,  which,  after  issuing  from  the  intervertebral 
canal,  gives  off  ant^'rior  and  posterior  or  rtmtral  and  thrsial  brandies, 
each  containing  fibres  from  both  tlie  roots  (tig,  350),  as  well  as  a  third 
or  viscernl  branch,  rannis  eommunieans,  to  the  sympathetic. 

The  anterior  roct  of  each  spinal  nerve  arisea  by  numeroua  aeparaie 
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anil  converging  bundles  from  tlio  anterior  column  of  the  r?oril ;  tho  pos- 
terior root  by  moro  numerous  parallel  bumllea,  from  tlie  ]iost4c'rior  nolunm, 
or,  rather,  from  the  posterior  part  of  the  lataral  colnmu  {^g.  350),  fur 
if  a  fissures  lx»  (lirt»ytt'fl  tnvvarrl  from  the  groove  between  the  tnidclle  nri^l 
posterior  column.^*  the  posterior  roots  will  remain  attached  to  the  former. 
The  anterior  roots  of  each  spinal  nerve  consist  chiefly  of  eflerent  film**; 
the  posterior  excbrsivelj  of  afferent  fibres. 

(\)Hrse  oftJie  Fibres  of  the  LSjnnal  yerre- Hoots* — (ft)  The  Anterior 
roots  enter  the  cord  in  several  bimLlles,  which  may  bo  called:— (I) 
Internal;  (2)  Middle;  (:])  External;  all  bt^ing  more  or  less  connected  with 
ihe  groiiiis  of  miiltipohir  cells  in  the  anterior  cornna*  1.  The  internnl 
tibres  aro  partly  connected  with   internal   group   of   nerve-cells  of  the 


IfVg,  aiWA,  - Sectioti  of  ni*»  mlii»l  cnrcK  8»»*>wintc  theaiT»np«»m<^'nt  of  (b*'  whft**  nod  ET«y  i 
|»  nirtnt  I'ViiiPiilrlaL  trnett  i,  %,  «iiri«ro  lalerrtl  cfiliimi>:  I.  ii^vndfiig  lttt4?raJi  culiiiiiii;  6,  < 
pv    ■  i""E^  <t,  dlrttj-l  L'tTolinil  trajt:  7,   coltiniii  of  Bunlnclj:  K  eoKuni*  wf  Goll:  7,  |xi*rt?rlor 

III'  -  ;  lu.  atitt'rlor  nieiliaa  Hssunt;  1I»  \t,  unicrlor  litirncflls;  1.^,  CUi'ke'soolumii;  L- H-, 

Li-    .  iiimu;  r/*,  |>o«U"iior  rtK>t;  r  «,  iiiiti*rlor  r<»r>t . 

anterior  cornn  of  the  same  side;  but  some  fibres  send  collaterals  through 
the  anterior  commissure  to  end  in  the  anterior  corn n  of  opposite  side, 
probably  in  the  internal  group  of  cells,  2.  The  middh  fibres  are  partly 
in  connection  with  the  lateral  group  of  cella  in  anterior  cornn,  and  in 
part  paee  backward  to  the  posterior  cornu,  liaving  no  inirnediate  connec- 
tion with  cells.  3.  The  external  fibres  are  partly  in  connection  with  the 
lateral  grouji  of  cells  in  the  anterior  cornu,  but  some  fibres  proceed  di- 
rect into  the  lateral  column  without  connection  with  cella,  and  pass 
upward  in  it. 

Besides  tliese  fibres,  there  are  some  which  do  not  appear  to  have  any 
connection  with   the  anterior  horn  cells,  but  pass  directly  through  to 
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connect  with  gronps  of  iutrinsic  cells  iu  the  median  or  posterior  portion 
of  the  gray  matter  of  the  cord. 

(b)  The  posterior  roots  enter  the  spinal  cord  to  tlie  inner  or  me- 
dian side  of  the  posterior  cornu.  The  fibres,  as  soon  as  they  reach  the 
cord,  divide  in  a  fork-like  fashion,  one  branch  passing  down  a  short  dis- 
tance (only  about  three  centimetres),  the  other  branch  passing  up  for  a 
longer  or  shorter  distance.  This  upper  branch  sometimes  reaches  nearly 
the  whole  extent  of  the  cord,  but  generally  it  extends  over  only  one  or 
two  segments  of  the  cord.  Theso  divisions  of  the  posterior  root  fibres 
give  off  in  their  course  numerous  collaterals.  The  nerve-fibres  of  the 
posterior  roots  are  divided  into  two  sets,  an  internal  or  median,  an  ex* 


F\g.  853.— Section  of  Uie  spinal  cord  showing  the  fcroupine  of  nerve-cells  and  the  course  of  nerve- 
fibres  entering  in  posterior  and  anterior  roots. 


ternal  or  lateral.  The  lateral  set  consists  mostly  of  small  fibres,  and  it 
enters  the  cord  opposite  the  tip  of  the  posterior  horn.  The  fibres  pass 
in  part  to  the  marginal  column  of  Lissauer,  where  they  ascend  and  de- 
scend; in  part  they  penetrate  the  posterior  horn,  and  come  in  relation 
with  its  cells.  The  median  set  sends  some  fibres  which  pass  to  Clarke's 
column  of  cells,  others  pass  by  way  of  tlie  posterior  commissure  to  the 
median  cells  of  the  other  side.  Some  others  pass  through  the  median 
gray  matter  to  the  anterior  horn  cells  of  the  same  side.  Thus  the  pos- 
terior root-fibres  are  connected  with  all  tlie  cell  groups  of  the  posterior 
horn,  of  the  anterior  horn  of  the  same  side,  and  the  cells  of  the  median 
gray  of  the  opposite  side.     Besides  tliis,  they  are  connected  through  col- 
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laterals  with  the  intringio  cells  of  the  gru}  matter  at  different  levreis  of 
tlio  rord.  Oiie  vim  rt'alize  tliiit  each  iierve-ror»t  lias,  in  this  wav\  an 
effictivG  grip  iipoii  u  large  extent  of  the  cord.  Thia  is  seen  well  bj 
gtud}ing  %y.  'MjtA  um]  ^553, 

The  Peculiarities  of  different  regions  of  the  Spinal  Cord*— The  miUine  of  ttm 
^niy  uvdlU'V  am]  Llu'  ivlativi*  pr(>iK>rtioii  of  the  white  matter  varies  in  different 
rt'j^if>ns<)f  thi*  spiiiiil  t^onl,  and  ilia,  tlierefure,  possible  to  t<^ll  approximately 
from  what  rej>;ii>n  any  given  transverse  section  of  the  spinal  cord  has  hem 
taken.  Tht*  whit<*  matter  imreases  in  amount  from  hetaw  upward.  Tha 
amount  of  ^^ly  matter  vnrles  ;  it  m  greatest  in  the  cervieal  and  lumbar  enlAiTj*" 
ment«.  viz..  at  and  alKinttlit*  5th  lumbar  and  6th  cervical  nerve,  and  least  in  Lho 
thoracic  region.  The  greatest  development  of  gray  matter  oorreeponds  with 
greatest  number  of  nerve -fibres  passing  from  the  cord. 

In  the  een^ical  enlanjemeni  tlie  gray  matter  occupies  a  large  proportion  of  the 
section,  the  gray  commissure  is  whort  and  thick,  the  anterior  horn  is  blunt,  whilu 
the  t>o>iterior  i.s  isoniewhat  tetx^ring.  The  anterior  and  p4ititerior  rt^ots  run  sume 
distance  thrtiugh  tlie  white  matter  fjefore  they  rejK'b  the  ^lerijjhery. 

In  the  dorsal  region  the  gray  matter  Invars  onlj^  a  small  rtdatroii  to  the  white, 
and  the  [xwterior  roots  in  particular  rmn  a  long  courne  through  the  white  rtuitter 
bt^fore  they  leave  the  cord;  the  gray  commissure  is  thinner  and  narrower  tliati 
in  the  cervical  region.     The  tractus  intermedio- lateral  is  is  here  most  marked. 

In  tlie  tumitar  enlurgejnent  the  gray  matter  again  Ijeare  a  very  large  propor- 
tion to  the  whole  sixe  of  the  transverse  eection,  but  its  poftterior  comua  are 
shorter  and  bliint*^r  tlian  they  are  in  the  cervical  region.  The  gray  commit* 
sure  ift  short  and  extremely  narrow. 

At  tht'  Kjqwr  iffirf  of  thr  vt^iitts  Vf^dnflari.^,  which  is  the  |>ortion  of  the  cord 
immediately  below  the  lumbar  enlargements  the  gray  suhstanee  ^xxnivirt 
nearly  the  whole  tif  the  transverse  section,  as  it  is  only  inveatetl  by  a  tliin 
layer  <jf  while  substance.  This  thin  layer  is  wanting  in  the  neighborhood  of 
the  poeterior  nerve- rooUs.     The  great  commissure  is  extremely  thick. 

At  tlw  level  of  the  Jiff  h  Hticral  vertebra  the  gray  matter  is  again  in  exoem*  imd 
the  central  canal  is  enlarged,  appearing  T-shafM^d  in  section;  while  in  tlie 
up^ici'  itoHiott  itf  the  fitttm  itrmimde  tlie  gray  matter  is  uniftinii  in  atiape  with  out 
any  central  canal. 

Tlie  shatie  of  the  *'ord  clianges  from  the  sacral  mn]  lumbar  region 
wlieru  it  is  cii'<'idar  to  tho  tluoat/ic  where  it  is  ovid,  and  to  the  cervical 
where  tlie  lateral  dianreier  cuniai^lenibly  exeeedni  tlie  antero*pogterjor; 
the  ciiango  in  shape  h  due  to  a  gradual  increase  of  tfie  lateral  columns. 

TiiK  Si'iNAL  Guru  ANO  Nku\  K-Ko<ns  a  Mas^^ok  Neuvk-Uxits.— 
We  have,  in  the  foregoing,  dei^cribed  the  Bpinal  eord  as  being  conipoged 
of  white  and  gray  matter^  and  tliese  eubstunces,  in  turn,  being  con\posed 
of  nerve-fibres  and  iicrve-cellB,  and  a  supporting  Bubstance  called  henrng- 
Ua,  From  thepbysiologist'd  point  of  view,  the  spinal  cord  is  considered 
to  bo  coiripo^cd  of  a  niui^a  of  nerve-units  or  jieurom.  These  are  divided 
into  three  great  chiBrtCs:  the  motor  neurons,  the  sensory  nenrous,  and 
the  intermediate  neurons.  The  mnfor  nvHrotm  make  up  tlie  larger  part 
of  the  nerve-tissue  in  the  anterior   horns;    their  neuraxous  pass  out 
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into  the  im  ten  or  roots.  T\w  sen,Horif  nt'tiroNsha^e  tlieir  i^ells  or  Btart- 
iiig-points  ill  the  posterior  spinal  ganglhi,  these  being  largt^  gJiti^- 
liouic  inusgea  which  lie  upon  the  posterior  roots*  These  cells  Imve 
a  process  which  nms  spinewanl  thronuh  the  jinsterior  roots  iott*  ihe 
^spinal  cord,  and  unother  whieli  rnns  peripherully,  lorniing  the  sen- 
ary nerve.  The  iuiernit*tii(i/e  netirons  lime  ilie'ir  cMb  of  origin  in  the 
'posterior  horns  anti  meiliaii  pnrt  of  the  gray  niatter,  ami,  to  a  i^light  ex- 
tent, in  the  anterior  Imriis.  Tiieir  cells  form  the  intrinaiu  cells  of  the 
spinat  cord,  and  alao  asiisfc  in  the  conduction  of  sensory  and  other  affer- 
ent inipukea.  For  example^  the  neurons,  starting  with  the  cells  lying 
in  Clarke's  colunni,  t^eml  their  })roee8a€8  up  into  the  cerehelhim,  and 
thus  continue  afferent  inipnlses  brought  to  tlie  neurone  thron^h  the  pos- 
terior roots.  Ou  the  other  hatul,  other  groups  of  oelln  lie  in  the  lateral 
part  of  the  gray  matter  and  give  rise  to  proeeeses  which  pass  out  into  the 
lateral  colnmns  and   then  enter  the  gray  nuitter  a^^^ain,  to  connect  with 

^cef is  at  different  levels.     These  are  the  intermediate  aeurous  which  are 

^B'Com missy ral  iu  their  functions. 

^^  FUKCTIONS   OF   TUE  SpINAL   NeHVE-KoOTS. 

The  anterior  spinal  nerve- roots  are  efferent  in  function :  the  posterior 
are  utTcrent,  The  fact  is  proved  in  various  ways.  Division  of  tlie 
anterior  roots  of  one  or  more  nerves  is  followed  by  complete  loss  of  mo- 
tion ill  the  parts  supplied  by  the  fibres  of  such  roots;  but  the  sensation 
of  the  same  parts  remains  perfect.  Division  of  the  posterior  roots 
destroys  the  sensibility  of  the  [mrts  su{>plied  by  their  fibres,  while  the 
power  of  motion  continues  nninipaired.  Moreover,  irritation  of  the 
ends  of  the  distal  portions  of  the  divided  anterior  roots  of  a  nerve  excites 
muscular  movemonta;  irritation  of  the  ends  of  the  proximal  portions, 
wdiich  are  still  in  connection  with  the  cord,  is  followed  by  no  appret-iahle 
effect.  It  must  he  remembered,  however,  that  in  the  anterior  or  cfTerent 
nerves  other  besi<les  motor}'-  are  cont^iined,  r.//,,  vaso-niotor,  serret*)ry^ 
heat  fibres,  and  it  may  be  supposed  that  when  the  distal  end  of  a  divided 
nerve  is  stimulated,  the  effects  wtadd  be  exercii>ed  not  only  upon  mus- 
cles, but  upon  glands,  blood-vessels,  etc.  Irritjition  of  tlic  iHstal  portions 
of  the  divided  posterior  roots,  on  the  other  luind,  produces  uo  muscular 
movements  and  no  manifestations  of  pain;  for,  as  already  stated,  sen- 
sory nerves  convey  impressions  otdy  toward  the  uervoiis  centres:  but 
irritation  of  the  proximal  portions  of  the.se  roots  elicits  signs  of  intense 
suffering,  Occasionally,  niuier  this  last  irritation,  muscular  movements 
also  ensue;  but  these  are  either  voluntary,  or  the  result  of  the  irritation 
being  reflected  from  the  sensory  to  the  motor  fil)res.  Occtisioually^  too, 
irritation  of  the  distal  ends  of  clivided  anterior  roots  elicits  signs  of  pain, 
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as  v^ell  as  produciDg  muscular  movements:  the  paiD  thus  excited  is  prob- 
ably the  result  either  of  cramp  or  of  so-called  recurrent  sensibility. 

Recurrent  Sensibility. — If  the  anterior  root  of  a  spinal  nerve  be 
divided,  and  the  peripheral  end  be  irritated,  not  only  movements  of  the 
muscles  supplied  by  the  nerve  take  place,  but  also  of  other  muscles,  indic- 
ative of  pain.  If  the  main  trunk  of  the  nerve  (after  the  coalescence  of 
the  roots  beyond  the  ganglion)  be  divided,  and  the  anterior  root  be 
irritated  as  before,  the  general  signs  of  pain  still  remain,  although  the 
contraction  of  the  muscles  does  not  occur.  The  signs  of  pain  disappear 
when  the  posterior  root  is  divided.  From  these  experiments  it  is  be- 
lieved that  the  stimulus  passes  down  the  anterior  root  to  the  mixed 
nerve,  and  returns  to  the  central  nervous  system  through  the  posterior 
root  by  means  of  certain  sensory  fibres  from  the  posterior  root,  which 
loop  back  into  the  anterior  root  before  continuing  their  course  into  the 
mixed  nerve-trunk.  These  fibres  degenerate  when  the  posterior  nerye- 
root  is  divided  beyond  the  ganglion. 

Functions  of  tlic  Ganfjlia  on  Posterior  Roots. — The  cells  of  the  pos- 
terior ganglia  act  as  centres  for  the  nutrition  of  the  nerve-fibres  given  o5 
from  them.  When  these  are  cut,  the  parts  of  the  nerves  so  severed  de- 
generate, while  the  parts  which  remain  in  connection  with  the  cells  do 
not.  Til  us  on  section  of  the  posterior  nerve-root  beyond  the  ganglion 
the  peripheral  part  wastes  and  the  central  does  not,  and  on  section  of 
the  root  between  the  ganglion  and  the  cord  the  central  part  to  a  great 
extent  wastes  and  the  i)eri2Dheral  remains  unaifected. 


Functions  op  the  Spinal  Cord. 

The  power  of  the  spinal  cord,  as  a  nerve-centre,  may  be  arranged 
under  tlie  heads  of  (I)  Conduction;  (2)  Keflex  action. 

(1)  Conduction. — The  functions  of  the  spinal  cord  in  relation  to 
conduction  may  be  best  remembered  by  considering  its  anatomical  con- 
nections with  other  parts  of  the  body.  From  these  it  is  evident  that 
there  is  no  way  by  which  nerve-impulses  can  be  conveyed  from  the  trunk 
and  extremities  to  the  brain,  or  vic^  versa,  other  than  that  formed  by 
the  spinal  curd.  Through  it,  the  impressions  made  upon  the  peripheral 
extremities  or  other  parts  of  the  spinal  sensory  nerves  are  conducted  to 
the  hrain,  where  alone  tliey  can  be  jjerceived.  Through  it,  also,  the 
stimulus  of  the  will,  conducted  from  the  brain,  is  capable  of  exciting  the 
action  of  the  muscles  supplied  from  it  with  motor  nerves.  And  for  all 
these  conductions  of  impressions  to  and  fro  between  the  brain  and  the 
spinal  nerves,  the  perfect  state  of  the  cord  is  necessary;  for  when  any 
part  of  it  is  destroyed,  and  its  communication  with  the  brain  is  inter- 
rupted, impressions  on  the  sensory  nerves  given  off  from  it  below  the 
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sent  of  injury,  cease  to  be  piopagtitt'd  to  the  brain,  and  tlie  braiti  loses 
tho  power  of  voluDtarily  cxci ti ug  tho  motor  nerves  proceeding  from  the 
portion  of  cord  isolated  from  it.  Uliiatrationa  of  this  are  fnroialied  by 
warioua  examples  of  paralysis,  but  by  none  better  tbaii  by  the  common 
paraplegia,  or  losa  of  fecnaation  and  vohuitary  motion  in  tbe  lower  part  of 
the  body,  in  consequence  of  destructive  disease  or  injury  of  a  portion, 
including  tho  whole  thickness,  of  the  spinal  cord.  Such  legions  destroy 
the  communication  between  the  brain  and  all  parts  of  the  gpiEal  cord 
below  the  eeut  of  injnry,  and  consequently  cut  off  from  their  connection 
with  tlio  brain  the  Tarioiia  organs  supplied  with  nerves  issuing  from 
those  parts  of  the  cord. 

It  is  not  probable  that  the  conduction  of  motor  or  sensory  impulses  is 
eflTected  under  ordinary  circumstances  (to  any  great  exlout),  as  was  for- 
merly supposed,  throngh  the  gray  substance,  i.e.,  through  the  nerve- 
corpuscles  and  filaraeots  connecting  them.  All  parts  of  the  cord  are  not 
alike  able  io  conduct  all  impressions;  aud  as  there  are  separate  nerve- 
fibres  for  motor  and  for  sensory  impreseionB,  so  in  the  cord,  ^eparute  and 
determinate  tracts  serve  to  conduct  always  the  same  kind  of  imprcs- 
fiion.  The  sensations  of  touch,  temperature,  and  pain,  however,  do  not 
appear  to  have  such  sharply  limited  tracts  as  the  motor  impnlgcs. 

Experimental  and  otl^er  observaHuns  point  to  the  following  conclu- 
sions regarding  the  conduction  of  sensory  and  motor  impressions  through 
the  spinal  cord.  Many  of  these  conclusioDS  must,  however,  be  received 
with  considerable  reserve. 

a.  Sensory  Impressions.^By  sensory  impressions  are  here  meant 
theeensatiooa  of  touch  and  jmin,  of  heat  and  cold,  and  of  muscular  sense. 
These  impressions  are  conveyed  to  the  spinal  cord  by  the  posterior  nerve- 
roots*  Part  of  them  are  then  carried  directly  into  the  poatero-median 
column  ou  the  same  side,  and  thence  up  to  tho  nucleus  of  this  column 
in  the  medulla.  It  is  mainly  the  impulses  of  muscle  sense  that  are  thus 
carried.  Other  sensations  are  carried  by  tho  posterior  rool-Cbrcs  to  the 
cells  of  the  column  of  Clarke,  From  there  the  iuipulses  arc  conveyed  to 
the  direct  cerebellar  tract  on  the  same  side,  and  thcnco  up  to  the  cere- 
bellum. These  are  maitily  senaiitions  that  subserve  the  sen?e  of  tfpuli- 
brinm,  aud  are  closely  connected  iu  function  with  those  which  pass  up 
the  column  of  Goll  to  its  nucleus.  The  impressions  of  touch  aud  pain, 
aud  of  heat  and  cold,  are  conveyed  to  the  nerve-cells  in  the  posterior 
cornua  of  the  same  side  in  part,  and  iu  part  to  the  nerve-cells  in  the 
posterior  corniut  aud  median  gray  of  the  opposite  aide.  From  tliia  point, 
the  impulse  is  taken  np  again  hy  intermediary  neurons  and  conveyed 
through  the  anterior  and  lateral  columns  of  the  cord,  iu  the  ascending 
tract  of  tJowcrs  and  Tooth,  to  the  brain.  By  reason  of  the  great  number 
of  cnlljvterals  nod  the  interpolation  iu  the  course  of  the  sensory  impulse 
of  many  intermediary  neurons,  no  very  sharplv  defined  tract  has  yet 
been  satisfactorily  made  out  iu   the  E|>iual  cord   for  the  conduction  of 
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these  sensations  of  temperature,  pain,  and  touch.  If  one  aet  of  fibn«ii 
deatroyetl  by  disease,  others  mem  able,  througli  the  collaterals,  to  take 
up  its  finiction,  Wu  van  only  say  that  most  of  these  seii^ory  imprfssioni 
pass  tip  in  the  lateral  aiul  anterior  cohimna.  It  is  ]»robabJe,  also,  tltit 
pain  arul  teriiperutnre  sensations  cross  over  at  once,  Ut  a  eonaitlerahle  ex- 
tent, and  pUf^s  up  iu  the  opposite  siile  of  the  rord  to  winch  they  enter. 
Tonch  and  pressure  sensations,  as  well  as  mnscle-seiise  irapresaions,  and 
sensations  of  eqnilihrinni,  jmsa  op  largely  upon  the  same  side  until  ihcy 
reach  the  medulla  or  rerebellum. 

The  direct  cerebellar  tract  ie  believed  to  commence  in  the  cella  of  the 
posterior  vesicular  column  of  Clarke  of  the  same  side;  \%  goes  chiefly  Lo 
the  cerebellum,  through  the  rest  if  or  m  body,  but  is  said  also  to  eontaia 
tibres  which  pass  up  as  far  as  the  corpora  qnadrigemina  and  then  turn 
backward  and  lying  near  the  brachium  pass  to  the  cerebellum.  Tb 
Hbres  of  the  antero-hiteral  ascending  tract  are  believed  to  arise  from 
the  gray  matter  of  the  posterior  cornu.  In  the  case  of  the  ascen<iing 
tracts,  with  the  exception  of  the  posterior  median  column,  the  conaec- 
tion  with  the  posterior  nerve-roots  is  not  direct. 

L  Motor  Impressions. — Motor  impressions  are  conveyed  down- 
ward from  the  l>rain  along  t/te  pt/rann'tlal  tracts^  viz*  ^  i/te  fiirfrf  or  an- 
ierm\  and  the  ei'ossed  or  laieniJ^  chieily  in  the  latter.  (jenerally 
speaking,  the  impressions  ptiss  ilown  on  the  eide  opposite  to  which  they 
originate,  having  undergone  decneaation  in  tlje  medulla;  but  some  im- 
pressions do  not  cross  in  the  medulla,  but  lower  down,  in  the  cord,  being 
conveyed  by  the  anterior  or  nncroased  pyramidnl  fibres,  and  decussate  in 
the  Huterior  cooimisiiuro.  IMie  motur-librcs  for  the  legs  parlialhj  \)xm 
downward  in  the  lateral  columns  of  the  Harne  side*  This  is  also  probably 
the  case  with  the  bilateral  nnisclos,  t.<?.,  muscles  of  the  two  sides  acting 
together,  such  as  the  intercostal  muscles  and  other  muscles  of  the  trunk, 
as  well  as  the  costo-humcnil  njusdcs. 

It  is  quite  certain,  as  was  just  now  pointed  out,  that  the  fibres  of  the 
anterior  nerve-roots  are  more  numerous  than  the  fibres  proceeding  down- 
ward from  the  brain  in  the  pyramidal  tracts,  or  the  so-called  pyi^midal 
tibres.  Thin  h  bccausB  each  pyramidal  fibre  is  leiilly  a  very  long  nerve 
process  or  neuraxon,  and  is  supplied  in  its  course  with  a  large  number 
of  collaterals,  which  go  off  at  dilferent  points,  and  thus  put  it  in  relation 
with  difTerent  groups  of  nerve-cells  in  the  anterior  cornna  at  varluas 
levels.  Each  nervc^fibre  of  the  pyramidal  tract,  by  means  of  its  col- 
laterals, can  control  a  number  of  nerve-cells,  and  can  thus  co-ordinate 
the  action  of  impulses  sent  out  through  the  anterior  roots  to  a  number 
of  groups  of  muscles-  In  otber  words,  the  gray  matter  of  the  anterior 
corniia  contains  an  apparatus  with  various  conjplicated  co-ordinating 
powers,  wliich  apparatus  is  nnder  the  control  of  the  neurons  whose 
cells  of  origin  are  in  the  cortex  of  the  brain.  This  apparatus  is  also  re- 
llexiy  inlluenced  by  sensory  impressions  passing  to  the  cord. 


DiTisioii  of  tlju  auterior  pyrainida  of  the  medulia  at  the  |Joint  of 
derusciutioTi  h  followeil  by  paraljsiij  of  motion,  never  quite  absolute,  in 
lall  parts  bulow.  Disease  or  divisioa  of  any  part  uT  tlie  eerebro-spiiial 
[axis  abovo  the  avul  of  flecnssation  is  follower!  by  inipaircd  or  lost  power 
[of  motion  on  tbo  o^ipositi*  sitle  of  tho  boily;  wbilt?  a  like  injury  inflieted 
I  below  this  part  induces  similar,  never  (jiiite  absolute  no  doubt,  on  the 
1  corresponding  side. 

When  one  half  of  the  spinal  cord  is  cut  through  in  monkeys,  the 
lloUoiving  results  follow  (Mott)  : — ^Motor  paralvfiis  of  the  muscles  of  the 
same  side  (never  complete  of  muscles  used  in  bilateral  associated  action), 
followed  by  griidual  reeovery  of  muscular  movement,  except  of  tbe  liner 
^movements  of  the  band  and  foot;  wasting  and  tlabbiness  of  the  muscles; 
jeensory  paralysis  of  the  same  side  (temperature,  touch,  pain  and  pres- 
I  sure) ;  temporary  vaso-motor  paralysis  on  came  side.  The  tempera tn  re  of 
[the  affected  side  was  depressed  1  to  3"*  (F.). 

Ht[fl(*.r  Affion. — -In  man  the  spiual  cord  is  so  much  under  the  control 
^  of  the  higher  nerve-centres,  that  its  own  individual  functions  in  rela- 
tion to  retiex  action  are  apt  to  be  overlooked;  so  that  the  result  of 
injury,  by  which  the  cord  is  cut  off  complettrly  from  the  inHnenee  of  the 
encephalon,  is  apt  to  lesi^en  rather  than  increase  our  estinmte  of  its 
importance  and  individual  endowments.  Thus^  when  the  human 
spinal  cord  is  divided,  the  lower  extremities  fall  into  any  jjosition  that 
their  weight  and  the  resistance  of  surrounding  objects  conibine  to  give 
them;  and  if  tlie  body  is  irritated,  they  do  not  move  toward  the  irrita- 
tion; and  if  they  arc  touclied,  the  consequent  reflex  movements  are 
disorderly  and  purposeless;  all  power  of  voluntary  movement  isahsohitely 
abolished.  In  other  mammals,  however,  c.j/,,  in  the  rabbit  or  dog,  after 
recovery  from  the  shock  of  the  operation,  wliich  takes  some  time,  reflex 
ai'tion  will  oc<nir  in  tlie  parts  below  after  the  spinal  cord  has  been  divided, 
a  very  feeble  irritation  being  followeil  by  extensive  and  co*ordinate 
movements.  In  tlic  eiise  of  tho  frog,  and  many  other  cold-blooded 
animals,  in  which  experimental  and  other  injuries  of  the  nerve-tissues 
are  letter  borne,  and  in  wliich  the  lower  nerve-centres  are  less  subor- 
dinate in  their  action  to  the  higher,  the  reflex  functions  of  tbe  cord  are 
still  more  clearly  shown.  When,  for  example,  a  frog's  head  is  cut  off, 
its  limbs  remain  in,  or  assume  a  natural  position;  they  resume  it  when 
disturbed;  and  when  the  abdomen  or  back  is  irritated,  Qm  feet  are 
moved  with  tbe  manifest  purpose  of  pushing  away  tbe  irritation.  The 
main  difference  in  the  cold -blooded  animals  being  that  the  reflex  move- 
ments are  more  defluite,  complicated,  and  effective,  although  less  ener- 
getic than  in  the  case  of  nuiinmals.  It  might  indeed  he  thought,  on 
superficial  examination,  that  the  mind  of  the  animal  was  engaged  in 
tlie  acts;  ami  yet  all  analogy  won  Id  lead  us  to  the  belief  that  the  spinal 
cord  of  the  frog  liaij  no  different  endowment,  in  kind,  from  those  which 
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belong  to  the  cord  of  the  higher  vertebrata:  the  difference  is  only  in 
degree.  And  if  this  be  granted,  it  may  be  assumed  that,  in  man  &nd 
the  higher  animals,  many  actions  are  performed  as  reflex  movements 
occurring  through  and  by  means  of  the  spinal  cord,  although  the  latter 
cannot  by  itself  initiate  or  even  direct  them  independently. 

Cutaneous  and  Muscle  Reflexes, — In  the  human  subject  two  kinds  of 
reflex  actions  dependent  upon  the  spinal  cord  are  usually  distinguished, 
^he  alterations  of  which,  either  in  the  direction  of  increase  or  of  dimiDu- 
tion,  are  indications  of  some  abnormality,  and  are  used  as  a  means  of 
diagnosis  in  nervous  and  other  disorders.  They  are  termed  respectively 
(a.)  cutaneous  reflexes^  and  (b.)  muscle  reflexes,  (a.)  Cutaneous  reflexes 
arc  set  up  by  a  gentle  stimulus  applied  to  the  skin.  The  subjacent 
muscle  or  muscles  contract  in  response.  Although  these  cutaneoos 
reflex  actions  may  be  demonstrated  almost  anywhere,  yet  certain  of  such 
actions  as  being  most  characteristic  are  distinguished,  e.g.,  plantar 
reflex;  glutear  reflex,  i.e.,  a  contraction  of  the  gluteus  maximus  when 
the  skin  over  it  is  stimulated;  cremaster  reflex,  retraction  of  the 
testicle  when  the  skin  of  the  inside  of  the  thigh  is  stimulated,  and  the 
like.  The  ocular  reflexes,  too,  are  important.  They  are  contraction 
of  the  iris  on  exposure  to  light,  and  its  dilatation  on  stimulating  the  skin 
of  the  cervical  region.  All  of  these  cutaneous  reflexes  are  true  reflex 
actions.  They  differ  in  different  individuals,  and  are  more  easily  elicited 
in  the  young.  Muscle  reflexes,  or  as  they  are  often  termed,  tendon 
reflexes,  consist  of  a  contraction  of  a  muscle  under  conditions  of  more  or 
less  tension,  when  its  tendon  is  sharply  tapped.  The  so-called  patellar- 
tondon-reflex  is  the  most  well-known  of  this  variety  of  reflexes.  If  one 
knee  be  slightly  flexed,  as  by  crossing  it  over  the  other,  so  that  the 
quadriceps  femoris  is  extended  to  a  moderate  degree,  and  the  patella 
tendon  be  tapped  with  the  fingers  or  the  earpiece  of  a  stethoscope,  the 
muscle  contracts  and  the  foot  is  jerked  forward. 

Another  variety  of  the  same  phenomenon  is  seen  if  the  foot  is  flexed  so 
as  to  stretch  the  calf  muscles  and  the  tendo  Achillis  is  tapped;  the 
foot  is  extended  by  the  contraction  of  the  stretched  muscles.  It  appears, 
however,  that  the  tendon  reflexes  are  not  exactly  what  their  name  im- 
plies. The  interval  between  the^tap  and  the  contraction  is  said  to  be 
too  short  for  the  production  of  a  true  reflex-  action.  It  is  suggested 
that  the  contraction  is  caused  by  local  stimulation  of  the  muscle,  bat 
that  this  would  not  occur  unless  the  muscle  had  been  reflexly  stimulated 
previously  by  the  tension  applied,  and  placed  in  a  condition  of  excessive 
irritability.  It  is  further  probable  that  the  condition  on  which  it 
doiKMuls  is  a  reflex  spinal  irritability  of  the  muscle  or  (exaggerated) 
muscular  tone,  which  is  admitted  to  l>e  a  reflex  phenomenon — or  an  ex- 
ample of  automatism — in  the  spinal  cord. 
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InhthUion  of  Reflex  AviioHin. — ^Movements  such  aa  are  pmcl lined  by 
rritttting  the  akin  of  the  lower  cxtreniitieB  in  the  human  subject,  after 
livisiou  or  disorganization  of  a  part  of  the  spinal  cord,  do  not  follow 
hQ  same  irritation  when  tlie  cerebrum  ia  active  and  the  coniieutiou 
letween  the  cord  and  the  brain  is  intact.  This  ia,  jirobably,  ilu^  to 
,he  fact  that  the  mind  ordinarily  perceives  the  irritation  and  inetantly 
nhibitij  or  controls  the  action;  for,  even  when  the  cun]  is  jierfect,  such 
avoluntary  movements  may  follow  an  irritation^  apijlied  wiieu  the  cere-  ' 
>rum  is  inactive*  When*  for  example,  one  ia  anxiously  ihinking*  even 
Jjght  stimnii  njay  prudufTt  involuntary  and  reflex  nH»vomcnts>  80,  also, 
luring  rileep,  such  reflex  movements  luay  tje  observed,  wljcn  the  ekin  is 
inched  or  tickled;  for  example,  when  one  touches  with  the  finger  the 
>alm  of  the  hand  of  a  «leeping  child,  the  fliip^er  is  grasped — the  im- 
^refision  on  the  skin  of  the  palm  producing  a  reflex  movement  of  the 
nusclos  which  close  the  hand.  But  when  the  child  is  awake,  no  encb 
jffect  is  prod u ceil. 

Further,  many  reflex  actions  are  capable  of  being  more  or  less  coo- 
Tolled  or  even  altogether  prevented  by  the  will :  thus  an  inhibitory  action 
nay  l>c  exercised  by  the  cerebrum  over  reflex  functions  of  the  cord 
md  the  other  nerve-centres.  The  following  may  bo  quoted  as  familiar 
ixamples  of  this  action  :■ — 

To  prevent  the  reflex  action  of  crying  out  when  in  pain^  it  is  often 
iutticient  flrndy  to  clench  the  teeth  or  to  grasp  sonje  object  autl  hold  it 
;ight.  When  the  fe^t  are  tickled  we  can,  by  an  effort  of  will,  |>revent 
■he  reflex  action  of  jerking  them  up.  80,  too,  the  invobiutary  cloging 
>f  tlie  eyes  and  Htarting,  when  a  blow  is  aimed  at  the  head,  can  be 
iimilarly  restrained. 

Darwin  has  mentioned  an  interesting  oxamirle  of  the  way  in  which, 
>n  the  other  hand,  such  an  instinotivo  reflex  act  may  override  the 
(trongest  effort  of  the  will.  He  placed  his  fiiee  close  against  the  glass 
i>f  the  cobra's  cage  in  the  Hejitile  Hou^e  at  tlie  Zoological  Gardens,  and 
though,  of  course,  thoroughly  convinced  of  bis  perfect  security,  could 
oot  by  any  etiort  of  the  will  prevent  himself  from  starting  back  when 
the  snake  struck  with  fury  at  the  glass. 

It  bits  been  found  by  experiment  that  in  a  frog  the  uptic  lobes  and 
optic  ihalami  h^re  eLdhtuict  action  in  inhibiting  or  delaying  reflex  ac- 
tion, and  also  that  more  generally  any  afferent  stimulus,  if  suflRciently 
strong,  may  inhibit  or  modify  any  reflex  action  even  in  the  absence  of 
tho&e  centres. 

On  the  whole,  therefore,  it  may,  from  these  and  like  faoti,  be  OOB* 
eluded  that  reflex  acts,  performed  under  the  influence  of  the  reflecting 
power  of  the  spinal  cord,  are  essentially  independent  of  the  brain  and  may 
be  performed  perfectly  when  the  brain  is  separated  from  the  cord:  that 
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tlie^  include  a  irnicli  larger  number  of  the  natural  and  pnrpoeive  mnt^ 
ments  of  the  lower  animals  than  of  the  warm-blooded  animak  inclnditijE: 
man:  and  that  over  nearly  all  of  them  the  raind  maj  ♦  througu 

the  higher  nerve-centres,  some  control;  fleUrrnininff,  f  j\  hmirT- 

ifig^  or  fiwdifying  them,  either  by  direct  action,  or  by  ita  power  wer 
asgociati^il  muscles. 

To  these  instances  of  spitial  reflex  action,  some  add  yet  many  more, 
inchidin^f  nearly  all  the  aets  which  seem  to  be  performed  uncoDscioudj, 
such  118  those  of  vvnlkiiig,  running,  writing,  and  the  like:  for  these  «re 
really  involuntary  iivX&.  It  is  true  that  at  their  first  performaDces  tW/ 
are  voluntary,  that  they  require  edueation  for  their  perfection,  and  are 
at  all  times  so  constantly  performed  in  obedience  to  a  mandate  of  the 
will,  that  it  18  didicult  to  believe  in  their  essentially  involuntary  na tare. 
But  the  will  really  haa  only  a  mniralling  power  over  their  perfonnaooe; 
it  can  hiisten  or  stay  them,  hut  it  has  little  or  nothing  to  do  with  the 
actual  currying  out  of  the  effect.  And  this  is  proved  bj  the  circum- 
stance  that  these  acts  can  be  performed  during  complete  mental  ahstrac< 
tion:  and,  more  than  this,  that  the  endeavor  to  carry  t>iem  out  entirely 
by  the  exercise  of  the  will  is  not  only  not  benefieial,  but  positively  iij- 
terferes  with  their  harmonious  and  perfect  performance.  Any  one  may 
convince  himself  of  thi^  fact  by  trying  to  take  each  step  as  a  vohintAry 
act  in  walking  downstairs,  or  to  form  each  letter  or  word  in  writing'  hv 
a  distinct  exercise  of  the  wilL 

These  act  ions,  however,  will  he  again  referred  to. 

Morbid  rt[fiex  afiiom. — The  relation  of  the  redex  action  to  the  strength 
of  tiie  etimnlns  is  the  same  as  wtis  shown  generally  to  occur  in  nerve- 
centres,  a  slight  stimulus  producino^  a  slight  movement,  and  a  greater, 
H  greater  movement,  and  so  on;  but  in  instances  in  which  we  must 
assume  that  the  cord  is  morbidly  more  irritahh^  f.f.,  apt  to  issue  more 
nervous  force  than  is  proportiormte  to  the  stimulus  applied  to  it,  a  slight 
impression  on  a  sensory  nerve  produces  extensive  reflex  movements 
This  appears  to  be  the  condition  in  the  disease  called  tetanus,  in  ■ 
which  a  slight  touch  on  the  skin  may  throw  the  whole  body  into 
convtilsions. 

S]wrial  Centre^. — It  nniy  seera  to  have  been  implied  that  the  spinal 
cord  iis  a  single  nerve-centre,  reflects  alike  from  all  parts  all  the  impreji- 
sions  conducted  to  it.  This,  however,  is  not  tlm  case,  and  it  should  be 
regarded  as  we  have  indicated,  as  a  collection  of  nervous  centres  united 
in  a  continuous  column.  This  is  well  illustrated  by  the  fact  that  seg- 
ments of  the  cord  may  act  as  distinct  nerve-centres,  in  which  special 
co-ordinated  nniscular  actions  are  represented,  and  excite  muscular  action 
in  the  psirts  su}i plied  with  nerves  given  off  from  them;  as  well  as  by  the 
analogy  of  certain  cases  in  which  the  muscukr  movements  of  si 
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[organs  arc  nndor  the  control  of  certain  cireum scribed  portions  of  the 
I  cord.     The  spteial  centred  are  t!ic  following  (on  each  side): — 

{a,)  The  Defwrafion,  or  Ano-Spimil  eenire, — The  mode  of  action  of 
the  anO'Spinal  centre  appeitrs  to  be  this.  The  nnieoua  membrane  of  the 
rectum  h  stimulated  by  the  presence  of  fiCeea  or  of  gas  in  the  boweh 
The  Htimtdus  passes  up  by  the  idtereiit  nerves  of  the  ha^morrhoidal  and 
inferior  mesenteric  ptexns  to  the  centre  in  the  cord^  situated  in  the 
lumrjur  enlargement,  iind  is  reflected  through  the  pudendal  plexus  to 
the  an  III  sphincter  on  the  one  hand,  and  on  the  other  to  the  muscular 
tissue  in  the  wall  of  the  lower  l)oweL  In  this  way  is  produced  a  relaxa- 
tion of  the  first  and  a  contraction  of  the  second »  and  expulsion  of  the 
contents  of  the  bowel  follows.  The  centre  in  the  spinal  cord  is  par- 
tially under  the  control  of  the  will,  so  that  its  action  may  be  either 
iehihite*!  or  augmented.  The  action  may  be  helped  by  the  abdominal 
mnsclea  which  are  under  the  control  of  the  will,  althoogh  under  a  strong 
Btimuhis  they  nuiy  also  be  compelled  to  contract  by  rellex  action. 

(ij,)  1  la*  Mid  u  r  if  io  w ,  or  tit  e  I W  im-  Sp  In  a  I  ceti  ire,  —  T  he  v  es  i  c  o-sp  i  n  al 
centre  acts  in  a  very  similar  way  to  that  of  the  ano-spinah  The  centre 
is  also  in  the  lumbar  enlargement  of  the  cord.  It  may  be  stimulated  to 
action  by  impulses  descending  from  tlie  brain,  or  retlexly  by  the  pres* 
'  ence  of  urine  in  the  bladder.  The  action  of  the  brain  may  be  voluntary, 
or  it  may  be  excited  to  actiitu  by  the  sensation  of  distention  of  the  bladder 
by  the  urine.  The  sensory  fibres  concerned  are  the  posterior  roots  of  the 
lower  sacral  nerves.  The  action  of  the  centre  thus  stimulated  is  double, 
or  it  may  be  supposed  that  the  centre  consists  of  two  parts,  one  wliich  is 
usually  in  action  and  maintains  the  tone  of  the  sphincter,  and  the  other 
which  causes  contraction  of  the  bladder  and  other  muscles.  When  evacu- 
ation of  the  bladder  is  to  oecur,  impulses  are  scmt  to  one  part  of  the 
centre  on  the  one  hand,  and  from  it  to  tlie  blatlder  and  to  certain  other 
muscles  which  cause  their  contnictioii,  and  on  the  other  to  the  other 
part  of  the  centre,  inhibiting  its  inHion  on  the  siibincter  urethra*  which 
procures  its  relaxation.  The  way  having  been  opened  by  the  relaxation  of 
the  sphincter,  the  urine  is  expelled  by  the  combined  action  of  the  blad- 
der and  accessory  muscles.  The  cerebrum  may  act  not  only  in  the  way  of 
stimulating  the  centre  to  action,  but  also  in  the  way  of  inhibiting  its 
action.  The  abdominal  muscles  may  be  called  into  action  as  in  defal- 
cation. 

(<^.)  T!*e  Emistihn  uf  Settuu^  or  Genito- Spinal  vtntre.—Tlw  centre 
situated  in  the  lumbar  enlargement  of  the  spinal  cord  is  stimulated  to 
action  by  sensory  im))ressions  from  the  glans  penis.  Efferent  impulses 
from  the  centre  excite  tlie  successive  and  ro-orilinate  contractions  of  the 
musctdar  fibres  of  the  vasa  deferentia  and  vesiculai  seminales,  and  of  the 
accelerator  urlBoe  and  other  muscles  of  the  urethra*,  and  a  forcible  expul* 
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sioD  of  semen  takes  place,  over  which  the  mind  has  little  or  no  control, 
and  which,  in  cases  of  paraplegia,  may  be  unfelt. 

(*/.)  The  Er€4:thn  of  the  Fenia  centre. — This  centre  is  ako  situated 
in  the  lumbar  region.  It  is  exeitud  to  action  by  the  sensory  nerves  of 
the  penis.  Efferent  impulses  prcKluce  dilatation  of  the  resfieU  of  the  penii, 
which  also  appeans  to  he  in  part  the  result  of  a  reflex  contra4:Ttioa  of  tht 
nnisclesi  by  whi^li  tlio  veins  returning  the  blood  from  the  peuis  are  com* 
pressed, 

(t\)  Parfuritiuii  ctv^/rr.— The  centre  for  the  expulsion  of  the  eon- 
ten  ta  of  the  titerua  in  parturition  is  situated  in  the  lumbar  spinal  conl 
rather  higher  up  thau  the  other  centres  already  enumerated.  The 
etimulation  of  the  interior  of  the  uterus  by  its  contents  may,  under 
certain  conditions,  excite  the  centre  to  send  out  impulses  which  pr(Klnc« 
a  contraction  of  the  uterine  walls  and  expulsion  of  the  contents  of  the 
cavity.  The  centre  is  independent  of  the  will  since  delivery  can  take 
place  in  paraplegic  women,  and  also  while  a  patient  is  under  the  iiiflii- 
enee  of  chloroform.  Again,  m  in  the  caaea  of  defaBcation  and  micturi- 
tion, the  abdominal  museloa  assist;  their  action  being  for  the  moit 
part  reflex  and  involuntary. 

{f\)  Tk6  Cfiiitre  far  ths  Movements  of  Ltpnphatic  Hearts  of  Frotj,-- 
Vulktnunu  has  shown  that  the  rhythmic4il  movements  of  the  anterior  \mx 
of  lynipliaiic  Ijeiu'ts  in  the  frog  depend  upon  nervous  influenoe  derivtxl 
from  the  portion  of  spinal  cord  corresponding  to  the  third  vertebra,  and 
tliose  of  the  posterior  pair  on  inlluence  supplied  by  the  portion  of  cord 
opiKJsite  the  eighth  vcrtc]>ra.  The  nuivementa  of  the  heairt  continuii, 
tliough  the  whole  of  the  cord,  except  the  above  jxjrtions,  be  destroyed;  but 
on  the  instant  of  destroying  either  of  those  portions,  though  all  the  rest  of 
the  cord  be  untouched,  the  movements  of  the  corresponding  liearts  eetue. 

{g.)  TJ^  Ventre  for  the  Tone  of  Muscies.—'lihe  inflnenoe  of  the  spinal 
cord  on  the  sphincter  ani  and  sphincter  nrethrte  ha§  been  alrea<ly  men- 
tioned (see  above).  It  maititains  these  muscles  in  permanent  contrac- 
tion. The  condition  of  the-se  sphincters,  however,  is  not  altogether 
exceptional.  It  is  the  same  in  kind,  though  it  exceeds  in  degree  that 
condition  of  nmscles  wbieh  has  been  culled  toftf\  or  passive  contraction; 
%  state  in  which  they  always  when  not  active  appear  to  be  during  health, 
and  in  which,  though  called  inactive^  they  are  in  alight  contraction,  and 
certainly  are  not  relaxed,  as  they  are  soon  after  death,  or  when  the  spinal 
cord  is  destroyed.  This  tone  of  all  the  muscles  of  the  tmnk  and  limbs 
depends  on  the  spinal  cord,  just  as  the  contraction  of  the  sphincters 
does.  If  an  animal  be  killed  by  injury  or  removal  of  the  brain,  the 
muscles  retain  their  tone;  but  if  the  spinal  cord  be  destroyed,  the 
sphincter  ani  relaxes,  and  all  the  muscles  feel  loose,  flabby,  and  atonic, 
remaining  so  till  rigor  nwriiii  commences. 
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Ilia  kind  of  tone  must  Ijt?  distingoitihed  from  tlmt  mert*  firmness  and 
snsion  which  it  is  customary  to  tiseribu,  undt^r  Urn  namo  of  tont%  to 

tissues  that  feel  robust  und  not  flabby,  as  woll  as  to  muscles.  The 
tone  peculiar  to  mugcles  has  in  it  a  degree  of  vita!  contraction:  that  of 
other  tissues  is  only  due  to  their  being  well  nourished,  and  therefore  com- 
pact and  tense. 

All  the  foregoing  examiiles  ilhistrate  tlie  fact  tliat  the  spinal  cord  is 
a  collection  of  reflex  centres,  upon  which  the  higher  centrea  act  by  send- 
ing down  impniaes  to  set  in  motion,  modify  or  control  them,  Tlie 
movements  or  other  phenomena  of  reflex  action  are,  as  it  were,  the  func- 
tion of  the  ganglion  cells  to  which  an  afferent  impression  is  conveyed  by 
the  posterior  nerve- trunks  in  connection  with  them.  The  extent  of  the 
movement  dejjcuds  upon  the  strength  of  the  stimuhis,  the  position  in 
which  it  is  applied  as  well  as  the  condition  of  the  nerve-cells;  tlie  con- 
nection between  the  cells  being  so  intimate  that  a  series  of  co-ordinated 
movements  muy  result  from  a  single  stimulatiou.  Whetlier  the  cells 
possess  as  well  the  jiower  of  originating  impulses  (automatism)  is  doubt* 
ful,  but  this  is  possible  in  the  cjise  of  (h)  ram-mnior  centres  which  are 
situated  in  the  cord  (p.  234),  and  of  (/)  xweafiNff  ce/iires  which  must  l>e 
closely  related  to  them,  and  possibly  in  the  case  of  (/)  the  centres  for 
maintaining  iJtc  lorn  of  musek^. 

The  Ntttritmi  {a)  of  the  muscles  appears  to  be  under  the  control  of 
the  spiiud  cord.  When  the  nerve-cells  of  tlie  anterior  cornu  are  diseased 
the  muscles  atrophy.  In  the  same  way  {b)  the  bones  and  {v)  joints  are 
serirmsly  alfected  when  the  cord  is  diseiised.  The  former  when  the 
anterior  nerve-cells  are  implicatrcd,  do  not  grow,  and  the  latter  are  dis- 
organized in  some  cases  when  the  iiosterior  columns  are  affected,  (fl) 
Tlie  skin,  too»  is  evidently  only  maintiiined  in  a  heakby  condition  as 
long  as  the  cord  and  its  nerves  are  intact.  No  doubt  part  of  this  influ- 
ence which  the  cord  exercises  over  nutrition  is  due  to  the  relatiouship 
which  it  bears  to  the  vaso-motor  nerves. 

Within  the  cord  are  c(mtaine<1,  for  Rmie  distance,  fibres  {n)  which 
regulate  the  dilatation  of  the  pupil,  (A)  which  have  to  do  with  the  glyco- 
genic function  of  the  liver,  (r)  which  control  the  nerve-supply  of  the 
vessels  of  the  face  and  head,  {d)  which  produce  acceleration  of  the 
heart's  action,  and,  (e)  havo  a  termotaxic  action  on  the  muscles,  etc. 

The  RELATI0H8  of  the  Different  Pabts  of  the  Bkaik. 

Before  considering  the  paris  of  the  brain  separately,  it  will  be  liest  for 

the  comprehension  of  the  plan  of  its  construction  to  take  a  gont^ral  survey 

of  the   whole.       The  brain   on   superficial   examiuation   presents   four 

distinct  parts,  viz.  («.)   The  large  and  prominent   masses  of   nervous 
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Fijf.  354.— Bftseof  thelirain.  1,  siijKTior  lon^cltud^nal  flH«tir«*;  2,  2\  ii\  Anterior 
lobt*;  a,  fl.'wun'!  f»f  SviviuM,  between  anti'ri»>r  luifl  4,  i\  4'\  tiild^]]*^  i***n4irar  lofn*;  iS,  &', 
lube;  6,  nHHlullaohlnn^ta.  Thcfijcrtin*  is  in  tin*  riffht  ttijt<»nur  jiyrainid  ;  7,  K  U,  10,  tbec 

+,  the  inferior  verinifnrm  pnx^esH.    Thr  flgiimw  from  I.  to  IX.  ah*  pli*ctHl  a^inf^t  thc^ctir,    .^ 

€«*rebml  nfTves;  III,  in  plftc*wl  on  the  rijcht  tniw  (.i^n'bri,    VI.  and  VII.  on  the  poiu  Varoiil; 
the  first  cervical  or  sutHkCc-ipitiil  nprvp.     i  AIIl^u  Thoiiitw>u.>    ^. 


teriorly  it  is  seen  to  brancli  off  into  two  strundei,  which  are  the  rrr/m 
irrebri:  and  posteriorly  it  joins  with  it  narrower  portian,  which  is  the 
mcfitdia  ohlomjuta  or  bulb.  Tliis  hitter  is  eoiitiuuous  with  the  gpiiial  cord. 
In  coDnection  witli  the  bulb  iind  pons  are  setin  many  nerve- trunks  pass- 
ing  off;  these  are  the  chief  part  of  the  rranifd  nerves.  Two  of  the 
cranial  nerves,  however,  are  more  interior,  and  one,  the  optic  (fig.  3M, 
%)y  is  seen  to  aend  off  a  broad  band  of  fibres  which  apparently  paswe 
into  the  substance  of  the  eerehrum.  The  most  anterior  nerve-root  on 
either  side,  viz.,  the  olfactory  (fig,  354,  1),  extends  for  some  distance 
upon  the  under  surface  of  each  cerebral  hemisphere,  (r.)  The  pons  is 
8oeii  to  be  connected  hiterally  with  a  large  mass  of  nervous  matter,  upon 
which  in  tbe  position  of  the  brain  turned  upward,  the  bulb  also  rests^ 
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the  rerebellum^  urnl  {(L)  When  the  brain  is  viewed  in  t!ie  normal 
ix>gitiun  at  the  bottom  of  the  tissure,  betwe<?n  tlie  hemispheres  is  seen  a 
broa<l  bund  of  white  matter  conutcting  one  hemisphere  with  its  fellow, 
tlie  main  cumraissure  or  corpus  calhsum  (fig.  35?),  Such  ptirts  of  tho 
brain  are  evident  even  on  superficial  examimition.  iJn  dissection,  it  is 
found  that  tlie  central  nervous  system  is  not  a  solid  mass  of  nerve  mate- 
rial; it  incloses  certain  cavities,  the  cerebrnl  rttif rides.  Forming  the 
walls  and  bouuthiries  of  these  ventricles  arc  very  important  massea  of 
nervous  matter.  The  cerebrum  proper  ificloses  a  large  central  cavity, 
the  hteral  trtiirirh,  fait  separated  by  a  median  j>artitioH  into  two.  Into 
the  cavity  of  each  lateral  ventricle  (fig,  3r55)  projects  a  rounded  mass  of 
gray  matter  autcriorly,  which  is  the  caudate  nucleus  of  an  important 
structure  known  as  tlie  eorjius  strifdum^  the  more  exteniHl  part  of  which, 
the  Icnticidar  nucleus,  is  embedded  in  the  muss  of  the  cerebral  hemi- 
sphere. Below,  or  more  posterior  to  the  cmfdafr.  ntwkus^  and  also  pro- 
jecting into  the  lateral  ventricle,  is  a  second  nuiss  of  gray  matter,  called 
the  oplic  iJiainmtts;  the  upper  part  of  this  only,  however,  is  seen  in  tlie 
lateral  ventricle,  tlie  lower  and  more  internal  jiart  approaching  its  fellow 
in  the  middle  line  leaves  a  space  which  on  vertical  section  is  more  or  less 
triangular,  called  the  ihird  vvnirkk.  The  lateral  ventricles  are  sepa- 
rated from  one  another  by  means  of  a  partition  made  of  two  layers  of 
white  matter,  the  septum  ludfittm.  On  section  the  septum  is  seen  to  be 
more  or  less  triangular,  and  l>ctween  the  two  layers  there  is  the  space  of 
the  fifik  vent  rich'  filleil  with  fluid. 

At  the  posterior  part  of  the  septum  lucidum,  and  joining  with  it,  is 
the  fortjij-.  This  is  a  longitudinal  commissure;  it  is  arched  and  its 
edge  is  seen  in  the  lateral  ventricle  on  either  side.  Between  its  edge 
and  the  upper  part  of  the  optic  thalamus  |>roJect8  a  fringe  of  blood- 
vessels, which  is  the  upper  part  of  the  septum  of  the  vjiscuhir  pia  mater, 
wfiich  passes  iiito  the  interior  of  the  brain,  and  which  is  called  the  rAf>- 
roffUpkrus  :  tlie  whole  of  the  jirojection  forming  a  roof  f^ir  the  third 
ventricle  is  called  the  velum  iNt€r//u,silttm, 

The  fornix  (fig,  355,  e)  is  made  up  of  two  strands  anteriorly,  called 
the  anterior  pillars,  and  of  two  similar  pillars  posteriorly;  the  middle 
portion  called  the  body  consists  of  the  parts  of  the  two  pillars  which  are 
joined  together  in  the  middle  line.  The  body  of  the  fornix  is  triangular 
in  shape,  broad  and  flat  behind,  wfjere  it  is  connected  with  the  corpus 
callosum»  and  narrow  in  front  where  it  is  connected  to  the  septum  luci- 
ilum.  The  anterior  pillars  pass  downward,  separated  from  one  another 
on  either  side  of  the  third  ventricle  in  front  of  the  foramen,  by  which 
the  lateral  comniunicates  with  tho  tliird  ventricle,  called  the  for  a  men 
of  Mofiro:  each  pillar  then  passes  forward  and  down,  and  twisting  upon 
itself  forms  the  cur  pus  albicans^  and  then  passes  in  part  to  join  the  optio 
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Vlf.  ttB^««l>iiKCtioii  or  bralu«  fruni  aljove,  exiKininf?  the  Interal  fourtli  and  DfU)  v«3itridet 
with  iBf  ■urroundlnir  l>ftrt«  U.  «,  Atitt*rior  part,  or  {tfnu  of  eori»UJ*  chII^^uth  :  ?...  txintu*  «tn^ 
turn  I  ^',  tliB  corpfUiB  BtriBLurii  Ml  k*ft  side,  4is.s*H:t*Hl  »o  aa  to  f*xiK»s*»  its  jjrn^ 
by  ft  line  tfj  Itw  MBiilft  ■ttKiicirt'uLiriM:  f/.  nj>ri.-  thnlttiuus:  e.  Anterior  pillii 
bttlow  they  are  aeeo  descending  in  fruiit  of  th*'  (hlrd  veiilricie.  and  Ix^twi-otj 
the  BDlnrlor  irtmrnimnrv ;  in  fitmt  of  tli«  lH(*^r  r  Ih  w'**n  ih«»  sklii  like  fiftli  vrtjti  i 
two  lamiDic*  of  tli«^  s*"p*^«i'"  liu-idum;  /.  s*>ft.  or  LiiidiJIe  cominiijsuiv;  g  is  plactnl 
part  of  tht?  tilird  vontn^li';  iiiniie4Juit*^ly  iHihlnd  the  latter  nn?  the  y*t*;t*>rf«^r  . 
visible)  dud  the  j>int"«1  lerlaud,  tlui  two  crur*  of  which  extend  fMrwanl  nJ<>f 
p«^r  niorifins  of  lh«?  optic  thulamt;  h  ftml  r,  the  *.'«'»rtiom  ipimlrip^niioa;  it,  - 
beiltim ;  close  to  k  la  tn*'  valve  of  VieuHwens,  which  lias  bvn  drvid*^!  no  Hh  i  , 

veotriclw;  I,  hlpiMM'iinipTix  nmjor  and  corpus  Hmhriatuui,  or  riptim  hipiwcampi;  m^  1ji[  | 
mttiiir;  h^  euiuu-ntKi  •■■illrit**niliH;  o,  fourth  ventricle;  jy,  pupittTJor  surinoeof  izi<fviiilla  ..Mr 
r,  et'etion  of  c*"i>»l>Hllur[i;  h,  iif>i»?r  r»art  of  It-ft  hemisphere  of  cemlw Hum  etxpoied  hy  th.   n  j 
of  part  of  the  posterior  cerfl>rul  lobe.     (HirsehJleld  and  Leveil]^,> 

qunrtum  refilricnium,  or  jiqnediict  of  Sykiiie,  pa8S4?3  throngli  the 
portion  of  the  brain  called  the  mid-brain.  This  part  ie  eoverc*d  in  by 
two  pairs  of  nerve-ganglia^  the  anterior  and  the  posterior  corpora  qua- 
drigemina,  and  the  floor  is  formed  by  the  crura  cerebri.  The  aqueduct 
of  Sylvius  opens  at  the  upper  angle  of  a  lozenge-shaped  cavity,  the 
fourth  ventricle,  which  is  aituatod  on  the  dorsal  aspect  of  the  pons  and 
bulb.     The  fourth  ventricle  has  no  roof  of  its  own  beyond  a  layer  of 
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ppithelinm,  biit  it  is  covered  in  by  the  eerebelkni,  the  superior  peduii- 
cle»  uf  which,  converging  forwiird,  form  its  tiuterior  MmilB,  and  the 
inferior  pediineles  form  its  posterior  boundtiries  on  either  side. 

The  lateral,  third  and  fourth  ventrieles  cotminniiciite,  and  through 
the  last  with  the  central  canal  of  the  spinal  corch  They  are  all  lined 
rith  columnar  ciliated  epitheliuriK  beneath  which  is  a  development  of 
neuroglia.  This  lining  so  formed  is  called  the  ependpna  of  the  ven- 
tricles. Wliere  the  superior  peduncles  of  the  cerebellum  are  apjirouch- 
ing  each  other  at  the  upper  part  of  the  fourth  ventricle^  the  interval 
between  them  is  bridged  over  by  a  thin  layer  of  gray  matter  called  the 
valve  of  Vieussens. 

The  portions  of  the  central  nervous  system  ore  thus  classified : — 

(i.)  Cerebral  hemispheres  with  the  corpora  striata,  developed  from 
the  cerebral  vesicles — and  enclosing  the  lateral  ventricles. 

(ii.)  I'hfr-brain^  formed  of  the  parts,  including  the  optic  thalami, 
which  inclose  tiie  third  ventricle. 

(iii.)  Mid-bnurf^  consisting  of  the  parts  inclosing  the  aqueduct  of 


<i 


\< 


Fl^.  866. — ^Plan  In  owtUne  of  the  encephalon,  a*  s>ei*n  from  the  riprht  »lde.  %.  Tbe  partii  uro 
repreaeiited  as  Aeporittecl  from  otio  nuoUi^-r  Koniewliiat  mort'^  than  naturolt  so  fts  to  show  tlielr 
oofmectfons.  A.  CstTi^brum;  /,  «, /i,  Us  nnU^riur,  mhldlp,  and  jM>sN*ri<>r  lolwt^s;  «>,  flsAitri;  of  Syl- 
vius; B,  cereb«^ilumi ;  C,  pons  \ aroiii ;  II,  ininlu Un  ohluDiKata:  «,  pedunelps  of  tbe  cerebrum; 
fr,  c,  fi,  Buperfop;,  middle,  and  inferior  |ieduiicles  c»f  ilit?  c*»rf^lR^lIutiK     (From  Quttlu.) 

Sylvius^  viz.,  the  corpora  qiuidrigemina,  which  form  the  roof,  and  the 
crura  cerebri  which  form  the  floor. 

(iv,)  flind-brain,  the  pons  Varolii  nnd  the  cerebellum  form  respec- 
tively the  floor  and  roof  of  the  fore-part  of  the  hind-brain,  and  the  bulb 
the  iloor  of  the  back  part  of  the  hiiKl-brain,  the  roof  being  practically 
absent 
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This  division  of  the  brain  into  the  four  parts  is  justified  by  a  coiwid- 
eration  of  its  development.     As  will  be  seen  later  on,  the  brain  consists     , 
originally  of  three  cerebral  vesicles,  the  dilated  extremity  of  the  neni&I 


trf^ 


V 


^: 


Fi|f,  SW.^VIftw  of  tbe  Oorpiis  CaUoflum  from  above,    H.  — TFie  upper  «urfac«*  of  tin* 

caUosutn  hfts  been  fully  i^xfK*rttxl  by  m^pnrntiui:  the  cfiebml  hetnf^pheroB  and  throwitii;  then  t»] 
tile  »id«*;  the  ^ran  fnnrk^ariH  hiis  bivii  <it't«<*hc«J,  ami  Mie  tmoffverse  fibres  of  tin*  corjtys  oalU)- 
sutn  trnctni  Tur  sotii+'  tHstjitn-i'  into  tht*  rert^bral  mtHluIlnry  nyl^-ilaiic'*'.  I,  the  iiii|>»*r  surfa*v  ot  rJn* 
ccirpus  eaUoHum;  i.*.  nNNllan  Thitow  or  rujihf;  S,  lon^itiidmal  ntriw  bounding  lUv  turtutr:  i 
ttwi'lbo^  foriiHHl  lay  itK'  tnuiswrs*^  biinils  as  they  f>aKa  into  the  ctrc^hnnn:  5,  anti^rior  *?xtfvinity 
*jv  ktun«  uf  Iht'  corpuH  I'anosiiin:  «,  ihostiTmr  *>xtj^tpity;  T,  anterior,  and  h.  iH«*t*'riMr  jjArt  ul  ihe 
mxLNH  of  (libr**«  juoceivliuK  from  the  ourpu*  ealloi^uni;  0.  marKlo  of  the  swellini;;  U>  nuterior  jwit 
of  tht'  tonvohitioij  of  th«-  cctrpu»  faUosiiin;  II,  hem  *jr  Ijand  of  imicm  of  this  convolution;  I'i,  lu- 
ti*rtial  I'otivuUitktuSi  t»f  th**  iMirietal  lolx»;  18,  ui>|M*r  jsurfiice  of  the  cerebellum,  (S&ppey  After 
Foville.) 

canal,  and  these  consist  of  fore-,  mid-,  and  hind-brain.  From  the  fore- 
brain  there  is  iii*st  of  all  budded  off  on  either  siJe  a  new  vesicle,  the 
optic  vesicle  from  which  is  developed  the  optic  nerve  and  retina,  and 
afterward  a  hirgc  vesicle,  the  cerebral  vesicle,  which  grows  rapidly, 
becomes  dividetl  by  a  central  partition  into  two,  each  of  which  in  closes 
the  lateral  ventricle.  The  cerebral  vesicles  grow  so  quickly  as  to  cover 
both  the  fore-  and  the  niid-lirain.  The  parts  of  which  the  fore-,  mid-, 
and  hind- brains  are  niaile  op  are  developed  from  the  corresponding  cere- 
bral vesicles- 
It  will  lie  as  well  here  to  indicate  brieily  the  strnctore  of  the  brain- 
It  consists  of  white  and  gray  matter  differently  arranged  in  different 
districts. 
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Distribution  of  the  Gray  Matter. 

(i.)  Jn  the  bulby  at  the  lower  part  the  distrihutioii  of  gray  matter  fol- 

lc»wt  thttt  which  prevails  in  the  cord.     Higher  up  the  chief  part  is  found 

tO'ifard  the  posterior  or  dorsal  aspect,  surrounding  the  central  caiiaK 

WTien  the  central  canal  opens  out  into  the  foiirth  ventricle  the  gray 

n^atter  cornea  to  that  snrface  chiefly,  and  is  found  to  consist  more  par- 

ticulttrly,  on  either  side,  of  the  nuclei  of  origin  of  the  cranial  nerveg, 

xiz.,  the  12th,  lUh,   loth,   IHh,   and  8th,  and  more  externally  of  the 

uucleus  gracilis  and  nucleus  cuneatus  (/i.^.,  «.r,,   iigs,  SfU,  :WZ),     In 

aAMition  to  tliese  masses  of  gray  matter,  there  are  the  oUvtinf  bodies,  (f?, 

fij.^.  3r»l,  'M\i)  toward   the  ventral  surface  with  the  f7cce.ssort/ nifres  (r/), 

and  the  ejrtenifi  I  arena  if  (n,(tr,  in  figs.)  nuclei,  placed  at  the  tip  of  the 

anterior  fissure  on  either  side  on  the  ventral  surface  of  the  anterior 

pyramids. 

(ii.)  In  the  pom  Faro^n'.— In  addition  to  the  origins  of  ner\^eB  in 
the  floor  of  the  fourth  ventricle  on  the  dorsal  aspect  of  tlie  pons,  viz., 
of  the  7th,  Gth,  and  5th  nerves,  there  are  several  masses  of  gray  nuitter, 
vix,,  in  the  back  part,  the  snperwr  olive  (lig.  3(i4),  and  in  the  front 
part  the  locus  cmrulti(,%  as  well  as  small  innounts  of  the  same  material 
mixed  with  fibres  in  the  more  ventral  surface. 

(iii.)  In  the  raid*braiu»  the  gray  matter  preponderates  in  ihi^  (^ptic 
thahmi^  corpora  fjuadrit/tmimt^  and  eorpom  genivulata.  It  is  also  found 
sarrouuding  the  aqueduct  of  Sylvius,  and  iu  other  parts  of  the  crura^ 
notably  siioh  maases  ab  the  red  nuchnts  (fig.  305),  hj€iti<  ftitjer  {llg.  366). 

(iv.)  In  the  cerrbral  hemifipheres^  the  cerebral  cortex  is  made  up  of 
gray  matter  which  incloses  white  matter,  and  the  corpus  striatum  is 
made  up  more  or  le^^s  of  tfjc  same  material. 

(v.)  ///  the  vereh^llnm^  the  gray  matter  forms  tlie  incasing  material. 
In  the  interior  too  tliere  are  masses  of  gray  matter  forming  the  corpora 
deniiMtn, 

This  then  roughly  indicates  the  localities  in  which  gray  matter  is 
foiind;  the  arrangement  i)f  the  fibres  and  their  relationship  to  the  gray 
matter  will  he  dealt  with  later  on. 


r 

I  Tl 


The  Bulb  or  Medulla  Oblonoata. 


The  medulla  oblongata  (figs.  358,  359),  is  a  culurnn  of  gray  and 
white  matter  formed  by  the  prolongation  upward  of  the  Bj)inal  curd  and 
eonnectiug  it  with  the  brain. 

Strncture, — The  gray  substance  whi(*h  it  contains  is  situated  in  tho 
interior  and  variously  divided  into  maases  and  lamin:e  by  i\\^'  wliilnnr 
fibrous  substance  which  is  arranged  partly  iu  external  ctditmnM,  and 
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partly  in  fasciculi  traversing  the  central  gray  matter.  The  me<lti]]& 
oblongata  in  larger  than  any  part  of  tiie  spinal  corcL  Its  eolumns  tiro 
pyriform,  enlarging  as  they  proceed  toward  the  brain,  and  are  cautinu. 
oug  vrith  those  uf  the  spinal  coril.  Each  half  of  the  medulla,  therefore, 
maybe  divided  into  three  colunms  or  tracts  of  fibree,  continuous  witL 
the  three  tracts  of  which  each  half  of  the  spinal  cord  is  made  np, — tlie 
columns  more  prominent  than  those  of  the  spinal  cord»  and  sepamted 
from  each  other  by  deeper  grooves.  The  anterior^  continuous  with  t}j<? 
anterior  columns  of  the  cord,  are  called  the  anterior piframids^  and  the 


?^ 


//v 


FiK'  "^aa 


Fi^r  35!>. 


Flp.  SW.  — V«*dtrftl  nr  atitt^rior  Rurfae©  of  th«  pons  Varotii,  and  me>diilln  oblodigmta.  a,  ol  w- 
torior  pTraaiid^:  K  theJr  de^cuaiAttoD ;  c,  c^  olivfirT  bodies:  d,  d.  rratiforui  bodias;  «,  meoklorm 
flbri?s;  /  tlbn^H  piiiiNfnK  from  fb«ant«*rior  culuinD  of  tbi'  conl  t^i  the  oereN^'Huui ;  g,  anteHorcai- 
uiim  f>f  the  spinal  corti;  K  lateral  i-olymn;  p,  {tons  Varolii;  t,  Its  upper  fibres;  5,  &,  roots «ftlift 
rtftb  luiir  tif  uervt^. 

FIff.  aao.— tiomiil  or  post«*rior  siirfiicp  of  tb*.'  potw  Varolii,  corpora  qu&dri^mina^  mtA  me- 
dulhi  ohlonjTuUi,  Tlif*  |>'duncleft  i>r  tbe  oe^ebt^ll1lm  are  cut  sUorfc  at  the  Ride,  a,  a»  the  upp«r 
pair  of  ct>rfw>ni  qua<lrfu'**mtnfi;  fo,  ft,  tbe  lower;/,/,  superior  peduncleis  of  the  oerebetlum ;  e> 
eDDinenee  conoectaij  wilb  tbr-  ituelouH  of  tbe  hypoj^lo^sal  n»rvt»;  c*  that  of  the  i^loAao^pbarynifeii 
nerve;  i,  that  of  the  Ta^un  norvi-;  d.  rf,  reMtifonn  boUw;  p,  v,  post<!rior  pyramids;  p,  t%  groof« 
in  the  mlddl«  of  tbe  fotirtli  vt'ntrkle,  ending  l)elow  in  tbe  calamus  scriptorius;  7*  7,  roots  of  Cte 
Miditorj  nerves, 

postoro -median  and  postero- external  columns  are  also  represented  at  the 
posterior  or  dorsal  a.^pet-t  of  the  cord  a^  iha  ffi,meulHS  gt*acilU  and  the 
fasciculus  cuneaius.  The  }>o«terior  pyramids  of  the  medulla  which  in- 
clude these  two  colunins  of  ^\bite  niatk^r  soon  become  much  increase<l 
in  width  by  the  addition  of  a  new  column  uf  white  matter  outside  the 
other  two  which  is  known  as  the  frtscieul us  of  Rolando,  The  lateral  col- 
li mns  of  the  cord  nndergo  considerable  change  and  are  scarcely  repre- 
sented as  anrb  in  the  bnlb. 

It  may  be  said  then  thai  the  bulb  at  it«  commencement  differs  only 
g|;ffU«-i-  iti  size  from  the  cord  with  which  it  is  contiBuous.     It  soon 
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[)me8  larger  both  latorftlly  and  atitero-posterioriy,  and  after  a  timo 
Elpens  out  on  the  dorsal  surfiire  inU:*  aspace  which  is  known  ob  tlie  fourth 
rentricle,  and  from  being  a  cylinder  with  a  central  canal,  it  ih  flattened 
out  on  one  surface  by  the  gradual  approach  of  the  central  canal  to  that 


,r  ^ 


iif^. 


m^ 


mt- 


-Jit 


t/^ 


ct^ 


Hi 


Tig.  880.— Dofflftl  or  posterlar  vitm  of  tli**  morliillA,  fourth  ventricle,  And  meeencfiphAloii 
C&abural  size),  p.  «.,  line  of  Urn  ponterior  ro<jti*  rjf  tlie  a|iiDai  rjBrvea;  p.m./,,  p>osU;rior  mediuti 
fisffure: /i?.*  fiinicJilus  j?racUi9;  <"/. ,  its  rlava;  /.r. ,  fiinicHlas  ctineatuK;  /".  J?, ,  funk'uliii!  of 
RoUndo;  r,6. ,  roHti form  body:  r.a,,  ealumuB  sfriptoriiu*:  /,  BtH^tion  of  liR-ulaor  tci'Dia;  j>an  of 
chorolrt  plexiiA  in  rwti  Ixptieatli  it;  t.r,.  lat-eral  r«»t'f«!*of  tli*5  ventricle;  str,  strifp  am»tic^a*;  i./. , 
ioferior  ff>8s<i:  «,/. ,  ptTHtiTior  foi«^;  tjt'twi'eu  it  and  ibe  median  siiletia  is  iht*  fosejctilus  terc«; 
ribl.,  cut  fiiirfacfl  of  the  eerclK^IIar  hftiilsphiTe;  ti^I.  ,  r*»ntral  or  j^rfty  raatt^pr:  x.m,j\,  nupcrfor 
niMunary  vduni;   Ing, ,  IJpila;  a.f.iK,  Mij^riur   t*t.*reljtdliy  iiediiiicle  uiit  longitudltipLny ;    cr,, 

of  thn  thnye  cend^llar  pHhiiirtp**;  e,o  .  . 

[luluiii ;  /. ,  lUirt'*  uf  tht"  tiUi 


eomliinerj  section 


thn  ihrx^  ceri^wnar  pHhiwrtp**;  r.^,*, ,  V,  g.  i. ,  crrrpora  iiudAJrieeniiQa  («i> 
perior  aodi  infi^riorl;  /r. «  fni'miUiiii ;  /. ,  (Uini'S  uf  thi>  fl1u*t  ficieu  uii  the  fturface  of  U10  tegxma- 
tiioi:  <:•, ,  trust i;  '. g..  mr^^ral  |j^oiw*";  ctfi,  corjius  ^nirulTim  int<?riiuii;   th.,  |io«terfor  put  cf 


PL  A. 


ii»:  »-♦  pineal  tK«ij-. 


tfcrj 


surface.     The  eentral  canal  of  the  cord,  therefore,  ia  directly  continuous 
with  the  fourth  ven trifle. 

If  the  bulb  bo  examined  on  its  anterior  or  ventral  anrface  it  is  fotmd 
that  the  anterior  tissnreT  which  is  a  continuation  of  the  mme  fissure  in 
the  cord,  is  occupied  at  tiie  most  posterior  part  by  fibres  which  are 
crossing  from  one  side  to  the  other;  the  central  canal  being  puslied  now 
toward  the  posterior  surface.  This  is  what  is  knoim  as  the  anierinr 
decrtasaiion  of  the  medulla  oblongata.  It  ia  formed  of  the  fibres  which 
in  the  cord  occupy  the  posatero- lateral  region  and  are  called  the  crossed 
pyramidal  fibres.  The  lateral  pyramidal  fibres  of  either  side  after  crofB* 
ing  in  tlie  middle  line  in  this  way  become  part  of  the  anterior  pyramid 


^ 


674 


HANDBOOK    OF   PHVSIOLOOY. 


of  the  opposite  side;  the  rest  of  the  pyramid  Ijeing  made  up  of  thefilr^ 
from  the  anterior  column  of  the  cord  known  as  the  direct  or  uncrttoed 
pyramidid  fibre<3.  These  two  pyriiniidul  strands  of  fibres  are  those  which 
degenerate  on  lesions  of  certain  parts  of  the  cerebrum  which  are  kuowD 
as  the  motor  areas  of  the  cortex.  They  can  therefore  be  traced  downwjwii 
on  Huch  lesions  as  tnictsof  degeneration.  They  are  the  fibres  of  tx>mmtt- 
ni  eat  ion  between  the  cerebral  cortex  and  the  different  segmeuta  of  the 
8|>inal  cord.  The  anterior  pyramids  of  the  buJb  are  marked  out  by  the 
exit  from  tliat  part  of  the  uorvona  axis  to  the  outside  of  them,  of  a 
nerve,  the  12th  or  liypoglosaaL  More  laterally  than  this  ncrve^  there 
soon  liecomes  very  prominent  on  either  side  a' rounded  elevation  or  col- 
li nin  whirh  is  known  as  tlie  oliranf  hody.  It  is  not  seen  at  the  Iwgin- 
ning  of  the  bulb  at  its  junction  with  the  cord,  but  begins  at  a  jorer 
level  than  the  opening  of  the  fourth  ventricle.  On  the  further  side  of 
the  olivary  body  is  seen  the  line  of  origin  of  fibres  of  the  11th,  10th,  and 
9th  nerves,  and  from  this  to  the  posterior  fissure  is  the  posterior  p}Ta!iiid, 

The  whole  of  that  part  of  the  medulla  which  is  situated  laterally 
between  the  olivary  body  and  the  posterior  fissure  is  kuow^  as  the  mii- 
farm  bodf/;  it  is  continued  forward  on  cither  side  as  the  inferior  peduncle 
of  the  cerel>elhini. 

The  changes  wdiich  are  noticed  by  t!ie  study  of  series  of  sections  of 
the  biflb  from  below  upward  may  be  summarijied  thus:  In  the  dors;il  or 
posterior  region,  the  posterior  cornua  are  pushed  more  to  each  aide,  and 
the  8ubstan<^e  of  Rolando  is  increased  and  becomes  rounded,  reaching 
almost  to  the  surface  of  the  bulb  on  each  side,  a  small  tract  of  longitu- 
diuid  fibres  of  the  ascending  root  of  the  5th  nerve  only  intervening. 
There  is  a  great  increase  of  the  reticular  formation  around  the  central 
cauitt,  and  the  lateral  approaches  the  anterior  cornu.  Then  at  the  ven- 
tral or  anterior  aspect  the  decussation  of  the  lateral  fibres  begins.  By 
this  crossing  over  of  the  fibres,  the  tip  of  the  gray  anterior  cornn  is  cut 
off  from  the  rest  of  the  gray  matter.  The  central  canal  is  pushed  further 
toward  the  posterior  surface,  first  of  all  by  the  decussation  of  the  anterior 
pyramids  just  nicoiioned,  and  later  on,  i\f.^  aljove,  by  another  dccusaa- 
tion  of  fibres  nmre  dorsjd.  These  fibres  of  the  second  decnssatiun  m 
they  cross  form  a  median  raphe  ajid  also  help  to  break  up  the  remaining 
gray  matter  into  what  is  called  a  reiicuhir  farmftfiim.  There  has  Wn 
some  little  doubt  as  to  the  origin  of  these  descussating  fibres,  but  the 
best  authorities  now  consider  them  to  be,  at  any  rate  in  part,  the  fibres 
from  the  nuclei  nf  the  faseicuhis  gracilis  and  fiisciculns  cuneatns  of 
either  sitlc,  atid  look  upon  them  as  a  sensory  decussation.  At  the  pos- 
terior part  soon  there  appear  in  the  columns  of  white  matter  of  the 
fasii cuius  graciHs  am]  fasciculus  r^uneatus  neiv  masses  of  gray  matter. 
The  lateral  horn  approaches  the  anterior;  but  soon  the  latter  is  pushed 
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furtbcT  und  further  toward  the  centre,  while  the  lateral  horTi  remiiius 
near  the  laiuviil  surface.  The  anterior  gray  matter  hccuines  broken  u|> 
aiid  mergeil  into  the  reticular  formation,  Tliere  is  also  a  similar  reticu- 
ar  formation  both  toward  the  centre  and  also  laterally  in  tiie  dorsal 
egion.  At  the  level  where  the  ceutrai  canal  opens  into  the  4th  ventri- 
cle, the  posterior  pyramids  diverging  to  form  the  hiwer  and  outside 
[boundaries,  and  inclosing  a  sptR^e,  the  calamtis  seriptorius,  between 
Ithem,  there  are  to  bc^  made  out  various  miLsses  of  gray  matter  in  addi- 
Itioo  to  the  reticular  formation,  viz.,  the  nuclei  of  the  fasciculna  gracilis 
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Y\%,  3fll,— Antierior  or  dorsal  stvtion  nf  the  intN[luUa  obloni^rata  in  tlie  ri»cion  of  the  siiporkir 
pyronudal  dIcNLtiiMiaUoD.  ii. Hi./. ,  auttrior  median  flKsiir*-;  /.o  ,  j<uperllJlal  arelfonu  flbi-t-A 
eiufrj*i njy  from  the  flswurf ;  p^.^  i>j"ranihi:  »i.«r.,  nuclei  of  arciforiu  flbrws;  /, a.,  dwij  nn-'ifunn 
l»ecHHuln^  su|>erttcial;  o»  lower  i^ud  of  ollviiry  tinclt»uH;  n,l.,  nneknis  laU^ralm;  /.r. ,  fortnaila 
retitjuliiris: /.u. ',  aniform  fihn'ft  ivrtx-eiHline  from  the  fornwUJu  ri*tieulari«:  f/„  KitbHtAHtia  ^<*' 
Latinosa  uf  Rolando ;  a.  V„  astvndiiif?  nx)t  of  fifth  iierv*^;  n.r.,  tiui  IfiiM  t-unttatUK;  n.c.  %  externaJ 
euneAttii  nucletts:  «.ff-,  uu^Ii-uh  irrftc^nSa;  /.gr,  ^  riink-ulus  ^^rat^ilis;  iKm.f.^  [xiHtiTior  oHiliaii  fi»- 
Burt*;  c.c,  ceotral  caual  tturrountit*d  by  gray  uiatt^^r,  Jti  which  aiv  u.  XL,  nnchniH  of  tin*  mimuaI 
aexs&aaory,  and  n.XFL,  nueleiui  of  toe  bypcig-lodBAl ;  «.  d.,  Buperior  p>Taiiiiila!  decujuuitioQ. 
(M<xllfied  from  Bchwalbe. ) 


and  faacicnlus  en  neat  us  (3*)1,  n.^.  and  «.<;.),  which  are  at  this  level  j 
however,  already  dimiiiisliiTjg  and  are  lost  at  a  level  of  tlie  pons  Varolii. 

The  olivary  bodies  extend  forward  almost  to  the  level  of  the  pons. 
They  consist  of  gray  and  white  matter.  The  gray  matter  consists  of  a 
plicated  thinnish  strand  containing  small  nerve-cells,  foltUnl  npoii  itself 
in  the  form  of  a  loop,  with  the  ends  tui-ned  inward  and  slightly  tlorsal 
(Fig.  362,  o).  The  gray  loop  is  filled  with  and  covered  by  white  matter, 
part  of  tlie  fibres  passing  tlirough  the  gray. 

Internal  to  the  olivary  body  on  either  side  are  two  small  masses  of 
gray  matter,  one  more  ventral  to  the  other,  called  accessory  olives,  ex- 
ternal and  internal,  and  on  the  surface  of  the  anterior  pyramid  on  either 
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side  a  amall  mofis  of  gruj  matter,  external  arcuaie  uocleu«;  bteraUj 
another  mass  of  the  same  material,  the  representative  of  the  lateral  an. 
cleiifl  of  the  cord,  is  sec^n^  viz,,  the  antero-lateral  nucleus^  which  giva 
origin  to  the  spinal  acceaaory  nerve. 

It  will  he  nece^ary  to  follow  as  shortly  as  possible  the  fibres  of  iht 
spinal  cord  upward  int*>  the  hnlh  and  l>eyond: — 

The  crossed  and  direct  pyraniidal  tracts  have  already  been  describeiL 
Nothing  definite  k  known  of  tlie  antero-lateral  descending  tractsu  Th« 
cerebellar  traete  pass  laterally  into  the  restiforra  bodies  and  go  to  the 
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Fip*  362.— Section  of  the  meilijUa  obkui^Ata  at  about  the  mldtne  of  tbt^  olivmy  bodjr.  fla. 
anterlfir  mediiu)  fissure:  n.isr.,  nucleus  arfifoniiis:  ji.,  pyramid;  XI I  ,  bundl**  of  hjpoirloaMi 
uen^'p  emerglDg  from  the  »urrAc*e;  at  b  it  \»  wen  t'ourHln^  betwef^n  the  pyramid  and  the  oliYvrj 
nucleufi,  o.  ;/»ci,e.,  exterijftl  art'iform  flhres;  kJ,,  uucIpus  lateralis;  «..  areiform  fibres DanlBit 
toward  rest  I  form  body,  partly  throiij^h  thn  tqjitfiUiintla  g:+.*liitJu<»Ma,  y.,  jjartly  8unf?rfleiaf  to  tlto 
ascending  root  of  the  flfth  nprvt%  a,  1 .  ;  X,  tmndle  of  va^ns  nwot  euierjr lutf :  f.r..  rormtttio  retic- 
i]Iarl»:  e.r,  corpus  rfw*tirnrm,  tjefjinnmg  U*  in}  fonu(*<L  chiefly  hy  arclrorm  fibre*.  mp^rlkHI*) 
and  deep;  «,c.,  oucIhuhi  euneatus:  n.g.^  niieleusKraHlln;  /.  attachment  of  the  li^ula;  /. «.,  faul- 
mlu»  RtdiltJirluH;  a.  X.,  ii,X'«  two  parts  *jf  the  va^iH  niielfiin;  nXIl,  hypoglossal  nuclen*;  iLt,, 
ntit'lfus  of  the  funiculwa  teres;  u.arn,,  iiticleus  ambli^us;  r. ,  raphe;  A.,  ontiau&Uon  of  the 
anterior  columa  of  cord;  o\  o%  acct\sHory  olivary  nucleus;  p.o.,  pedunculus  olJTae,  Olo^M 
from  fi^jhwalli*!.) 


cerebellura.  The  antero-ktoral  ascending  tracts  appear  to  have  the 
same  destination  and  pass  directly  or  indirectly  into  the  cerebelhinh 
The  fibres  of  the  postero-mediiiii  and  postero-oxternal  rohimns  end  in 
the  nuclei  of  the  fiLscienUis  gracilis  and  cnneiitua  respectively,  either  in 
or  ahout  the  cells  contained  in  those  nnclei;  at  any  rate,  ascending  de- 
generation of  these  colmnns  cimnot  he  traced  above  these  nuclei. 

The  rest  of  the  fibres  of  tlie  cord  appear  to  end  in  the  reticular  for- 
mation of  the  bulb.  The  bundle  of  fibres  const itn ting  the  ascending 
root  of  the  5th  nerve  appears  to  corresjiond  with  the  tract  of  Lissaiier. 

Connediom  of  ike  bulb  with  (he  cerei/rum  and  ctrebellum, — In  addition 
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to  tlie  pvramidal  tracts  eoniiecting  the  hiilb  with  the  earebnim  and  the 
direct  eerfbollar  aiit!  iUq  autero-laterai  usceTidiDg  tract  coiiiiectiiig  it 
with  the  cerebelhiin,  there  are  other  connections  of  the  bulb  with  the 
oerebnim,  and  with  the  wrelwilhim,  not  actually  direct. 

(L)  Fibres  from  the  nncletig  gracilis  and  nueletis  ciineatua,  which, 
fts  we  have  said,  are  the  bulbar  endiuga  of  tho  fibres  of  the  postero- 
median and  poBtero-external  columns  of  the  cord,  paes  in  sets  as  it  were 
in  the  following  manner: — 

{a,}  Intenml  arenaU  fibres, — Some  paas  down  and  inward  to  the  other 
aide  in  the  reticnlar  formation,  forming  in  part  tho  auperior  or  sensory 
decussation,  and  in  the  inter-olivary  region  l>econie  longitudinal  in  a 
band  of  fibres  called  the  Jilki^  which  passes  upward.  These  fibres  are 
probably  augmented  by  the  addition  of  fibres  from  the  anterior  columns 
of  the  cord. 

(k)  External  arctmie  fibres  also  decussiitc  in  tho  same  way,  pass 
down  along  the  iintorior  tisstire,  and  tlien  running  outward  snporlicially 
over  the  anterior  pyramid  and  olivjiry  boily,  roach  the  res^tiforni  bmly 
and  pass  to  the  side  of  tho  cerebellum  op]>osite  to  their  nuclei  of  origin. 
These  fibres  ai>peur  to  have  some  relation  with  the  external  arcuate  nu- 
clei. They  connect  one  side  of  the  spinal  cord  with  the  opposite  side  of 
the  cerebellum  through  tho  gracile  and  eunoato  nuclei. 

(r.)  Ihrerf  laierttJ fibren  pass  to  the  restiform  body  and  so  to  the  same 
side  of  the  cerebellum. 

(^,)  Fibres  frmii  the  nliranj  imhj  pass  to  the  opposite  side  <*f  ttie 
oerebellom  probably  tlirough  the  reticnlar  fdrmution. 

(3.)  Arciff^rm  fibreH.—Y'ihYes  ironx  tho  nucleus  of  the  8th  or  auditory 
nerve  in  tho  floor  of  the  -Ith  ventricle^  pass  to  the  same  side  of  tho  cere- 
bellum. 0 

FlTNCnONS  OF  THE    BlLB   OR  ^IeFH  LLA   Oblokgata. 

The  functions  of  tho  bulb  are  tliose  of,  {nj)  conduction;  {h)  reflex 
action;  and  (r.)  automatism. 

(ct.)  Conduction. — -As  a  conductor  of  impressions^  tho  medulla  oblon* 
gata  has  a  wider  extent  of  function  than  any  other  part  of  tho  nervous 
system,  since  it  is  obvious  that  all  iinpresaions  ptussing  to  and  fro  be- 
tween the  brain  and  the  spinal  c^jrd  must  bo  trananiitted  tlirough  it. 

{bJ)  Ffjfer  AHion. — As  a  nervo  cetttre  by  which  impressions  are 
reftededy  the  medulla  oblongata  also  resembles  the  spinal  cord;  tho  only 
difl^erence  lietween  them  consisting  of  the  fact  that  many  of  the  reflex 
actions  performed  by  the  fornaer  are  much  more  complicated  than  any 
performed  by  the  spinal  cord. 

It  has  Ijeen  proved  by  repeated  experiments  on  the  lower  animals 
that  the  entire  brain  may  bo  gradually  cut  away  in  successive  portions. 
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aiui  yet  lifi?  miiy  contiiiu©  for  a  considemblo  time,  and  the  respiraloTt 
iiitn'f^ujtaits  hv  iJuiiitLTnipteLl.     Life  nmy  also  jjpiitiuue  when  the  ^irud  , 
coril  is  cut  Hwuy  in  successive  portions  from  iK?h>w  upward  as  high  m 
the  point  of  origin  of  the  phrenic  nerve.     In  amphibia,  the  brain  ha* 
been  all  removed  from  above,  and  the  cord,  as  far  as  the  mednlla  obloo- 
giita^  from  below;  and  so  long  as  the  medulla  oblongsita  was  int^!t, 
respiration  and  life  were  maintained.     But  if,  in  any  animal,  the  me- 
duUa  oblongata  ie  wounded,  particularly  if  it  is  wounded  in  its  centtil 
part,  oppot^ite  the  origin  of  tlic  vasi,  the  resjiiratory  movement-s  eeaae, 
ancl  tbc  aiiiinal  <iics  .uspliyxiatcd.     And  ill  is  eifect  ensues  even  wheti  all 
parts  of  the  nervous  systi^m,  except  the  medulla  nblongata,  are  left  intact 
Injury  and  disease  in  men  prove  the  same  as  the.se   experiments  on 
animals,      Nunieroits  instances  arc  recorded  in  which  injury  to  the  miv 
flulla  oblongata  has  produced  instantaneous  death;  and,  indeed,  \i  ii 
tiinmgh   injury  of  it,  or  of  the  part  of  the  cord  connecting  it  with  the 
origin  of  the  phrenic  nerve,  that  tlentli  is  commonly  produced   in  fmc- 
turee  attended  by  suihlcn  displacement  of  the  upper  cervical  vertebra*. 


Special  Centres* 

In  the  lucilulla  arc  contained  a  consirlcrable  number  of  centres  whJol 
preside  over  many  inipt^rtant  and  corriplicatcd  co-ordinated  movcnicnta 
of  musclea.  Tiw?  majority  of  tliese  centres  are  (n.)  reflex  een/re^  simply, 
wbich  are  stimulated  b}^  atTarent  or  by  voluntary  impressions,  Some  of 
them  are  (Ik)  uutnmatk  letdns^  liciug  capable  of  sending  out  efferent 
impulses,  generally  rliytbmical,  without  previous  stimulation  by  afferent 
or  by  vohintary  imj)rcssious.  Tlie  automatic  centres  are,  however*  gen- 
erally intiiicnccd  by  reticx  or  by  vtduntary  impulses,  Sinne  again  of  the 
centres,  whether  reflex  or  automatic,  are  ((•,)  control  cenfres^  by  which 
subsidiary  spinal  centres  are  governed.  Finally  the  action  of  some  of  the 
centres  is  [tL)  loftify  i.e.,  they  exercise  tbcir  influence  cither  directly  or 
through  another  api>aratus,  continuously  and  uninterrnptedly  in  main* 
tainiug  a  regular  action. 

Simple  Reflex  centres. 

(L)  Bilateral  centres  for  the  co-ordinated  movements  of  Mti^iicoiion^ 
the  afferent  and  efferent  nerve^s  of  which  have  been  already  enumerated 
(p.  29L) 

(2.)  Bilateral  centres  for  the  movements  of  DegUdUion,  The  modalhi 
ol)lougata  appears  to  contain  tlie  centre  whence  are  derived  the  motor 
impulses  enabling  the  muscles  of  the  palate,  pharynx,  and  oesophagus  to 
produce  the  successive  co-ordinate  and  adapted  raovements  necessary  \jq 
the  act  of  deglutition  (p.  310).  This  is  jiroved  by  the  persistence  uf 
swallowing  in  some  of  the  lower  animals  after  destruction  of  the  cerebral 
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bt'tiiispheres  ami  cerelM'lIum;  its  exiytenL-ti  in  anenrrpfudons  monsters; 
tlio  powur  ot  swjilluwiiig  possessed  by  the  nuirsupijil  onibryo  before  the 
iraiii  is  devehjpcd;  and  by  the  complete  arrest  of  the  power  of  swjillow- 
ing  when  the  medulla  oblongata  is  injured  in  experiments. 
l^  (*i.)  Bilateral  eeiitre8  for  the  combined  mnscnlar  movements  of 
^MSuckin^j,  the  motor  nerves  concerned  being  the  facial  for  the  lips  and 
^Bniouth,  the  hypoglossal  for  the  tongue,  and  the  inferior  maxillary  divi- 
^Hbion  of  the  5th  for  the  muscles  of  tlio  jaw, 

H        (4.)   Bilateral  centres  for  the  SeireiioH  of  iSftUmy  \vhiGh  have  been 
"already  mentioned  {p,  '^08.) 

1(5.)    Bilateral  centres  for  Vmniting  (p.  326), 
(<i,)   Bilateral  centres  for  VniKjUiufj^  which  are  said  to  be  independent 
€f  the  respiratory  centre,  being  situated  above  the  inspiratory  part  of 
that  centre. 
(7.)   Bilateral  centres  for  Sneezim/^  connected    no  doul»t  witli  the 
res j> i  ra  t oi- v  cc  i r  t re . 

(H, )  Bilateral  centres  for  the  Dihdniiou  uf  ihe  pffpil,  the  tibres  from 
which  pass  out  partly  in  the  third  nerve  and  partly  through  the  spinal 
conl  (through  the  last  two  cervical  and  two  upper  doraal  nerves?)  into  the 

kcerv icjil  s y m iiathc tic. 
(b.)  Automatic  centres. 
L  (1  j  /it\s/)ir(t(ort/  c€Hires,—Th&  action  of  the  respiratory  centre  has 
been  already  discussed.  It  is  only  necessary  to  repeat  here  that  although 
it  can  W  inliuenced  by  afferent  impulses,  it  is  also  automatic  in  its 
action,  being  capable  of  direct  stimulation,  as  by  the  condition  of  the 
blood  circulating  within  it.  It  is  also  bilateral.  It  probably  consists  of 
an  inspiratory  part  and  of  an  ex^iiratory  part.  The  centre  U  capable  of 
being  iTifluenred  botli  refiexly  and  to  a  certain  extent  also  by  vohintary 
impulses.  The  vagus  inlluence  is  probably  constant  in  the  direction  of 
stimulating  the  inspiratory  portion  of  the  centre,  whereas  the  influence 
of  the  superior  hiryngeal  is  not  always  in  action,  and  is  inhibitory. 

(2.)  Cardiu-Ifihihiiory  centres.  The  action  of  these  centre  in  nniin- 
taining  the  proper  rhytlim  of  the  heart  through  the  vagus  tibres,  which 
terniinsite  in  a  local  intrinsic  mechanism,  has  l>een  already  discussed. 
The  centre  can  Ije  directly  stinnilatcd,  as  Ity  the  condition  of  the  blood 
circulating  within  it,  and  also  indirectly  by  afferent  stimuli,  especially 
by  stimnlating  the  abdonitnal  sympathetic  nerves,  but  also  by  stimulat- 
ing any  sensory  nerve,  including  the  vagns  itself, 

(3,)  Accelerator  centres  for  the  heart.  The  centres  from  which  arise 
the  accelerator  fibres  of  the  heart,  in  the  medulla.  They  are  automatic 
but  not  tonic  in  action, 

(4,)  Vaso-moior  centres,  which  control  the  nustriped  muscle  of  the 
arteries,  arc  also  situated  in  the  medulla.     Like  the  respiratory  centre, 


580 


HANDBOOK    OF    PHySIOLOOY. 


they  are  bilateral.  Aa  has  already  been  pointed  out>  tbeM  octree  may 
bo  directly  or  reflexly  stimulated,  us  well  as  by  impressions  oonTey«sl 
downward  frurn  the  oerebmin  to  the  mednlla,  Tbo  condition  of  the 
blood  circulating  in  them  is  the  direct  stimulus.  Its  influence  is  no 
doubt  a  tonic  or  else  a  rhythmic  one.  It  is  also  supjsoaed  that  therein 
in  the  medulla  a  special  vmo-dUaior  centre  not  acting  tunically,  stimu- 
lation of  which  produces  vascular  dilatation.  The  duibetic  centre  a 
probably  a  part  of  the  vaso-motor  centre,  at  any  rate  stimalatioxi  of  it 
causes  dilativtion  of  the  vessels  of  the  liver, 

(5.)  Bilateral  chief  centres  for  the  secretion  of  Sweai  exist  in  ihd 
medulla.  The  centres  on  either  side  control  the  snbeidiary  spinal  sweut 
centres.  They  may  be  excited  unequally  so  iis  to  produce  unilater^ 
sweating.     They  are  probably  automatic  and  reflex, 

(0.)  Bilateral  j^a^tw  centres  are  said  to  he  present  in  the  nie^lulia, 
on  the  atiuiolation  of  whif^h,  as  by  suddenly  produced  excessive  venositr 
of  the  blood,  g*^neral  spa,*AniH  of  the  muscles  of  the  body  are  produced. 

(r.)  Control  centres.  These  are  centres  whose  influence  may  lie 
directed  to  controlling  the  action  of  subsidiary  c-entres.      They  are — 

(1.)  The  Bmpirfdary  centres,  which  probably  control  the  action  of 
other  subordinate  centres  in  the  spinal  cord, 

("2/)  Tlie  Vardin-InhibUorij  centres,  which  act  upon  a  local  ganglionic 
mechanism  in  the  heart. 

(3.)  The  Accehmiar  centres,  if  they  exist,  probably  act  through  « 
local  niochanism  in  tbe  heart. 

(4.)  The  VasO'molQr  centres  control  spinal  as  well  as  local  tonic 
centres. 

(5,)   The  medullary  i^fvent  centres  control  the  spinal  sweat  centres. 

{d, )  Tonic  centres.  Of  the  centres  whose  action  is  tonic  or  con- 
tinuous up  to  a  certain  degree^  may  be  cited  the  vrmo-moior  and  the  cof- 
dm-inhibifonj. 

It  should  not  be  forgotten  that  in  the  medulla  are  the  oen tree  for     ' 
the  special  senses,  Henring  and  TaMe^  and  that  other  special  centres  are  I 
supposed   to  Iki  localized  there,  of  which  may  be  mentioned  one,  the 
hypothetical  Inhildiorij  heal  centrey   which  controls  the  production  of 
heat  by  the  tissues,  indcperuiently  of  the  vaso-motor  centre* 


I 
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The  Cranial  Nerves, 

The  cranial  nerves  consist  of  twelve  pairs;  they  appear  to  aria©  (su* 
perfieial  origin)  from  the  base  of  the  brain  in  a  double  aeries,  which 
extends  from  the  under  surface  of  the  anterior  part  of  the  cerebrum  to 
the  lower  end  of  the  medulla  oblongata.  Traced  into  the  substance  of 
the  lirain  and  medulla,  the  roots  of  the  nerves  are  found  to  take  origin 
from  various  masses  of  gray  matter. 
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The  roots  of  the  first  or  olfactory  and  of  the  second  or  optic  nerves 
will  be  mentioned  elsewhere.  The  third  and  fourth  nerves  arise  from 
gray  matter  beneath  the  corpora  quadrigemina;  and  the  roots  of  origin 
of  the  remainder  of  the  cranial  nerves  can  be  traced  to  gray  matter  in 
the  floor  of  the  fourth  ventricle,  and  in  the  more  central  part  of  the 
medulla,  around  its  central  canal,  as  low  down  as  the  decussation  of  the 
pyramids. 

According  to  their  several  functions  the  cranial  nerves  may  be  thus 
arranged : — 

a.  Nerves  of  special  sense 


b. 

0. 


Nerves  of  common  sensation 
Nerves  of  motion 


d.  Mixed  nerves 


Olfactory,  Optic,  Auditory,  part  of  the 

Glosso- pharyngeal,   and    part   of   the 

Fifth. 
The  greater  portion  of  the  Fifth. 
Third.   Fourth,    lesser  division  of    tlie 

Fifth,  Sixth,  Facial,  and  Hypoglossal. 
Glosso- pharyngeal.  Vagus,   and   Spinal 

accessory. 

The  physiology  of  the  First,  Second,,  and  Eighth  will  be  considered 
with  the  organs  of  Special  sense. 

The  Ilird  Nerve  {Motor  Oculi). 

Origin. — The  third  nerve  arises  in  three  distinct  bands  of  fibres  from 
the  gray  matter  surrounding  the  aqueduct  of  Sylvius  near  the  middle 
line  ventral  to  the  canal.     The  nucleus  of  origin  consists  of  large  multi- 


n£ 


.,>^flM 


Fie.  363.— Section  through  anterior  corpus  quadrigeminum  and  part  of  optic  thalamus.  «., 
Aqueduct  of  Sylvius;  gr.^  gray  matter  of  the  aqueduct;  c.q.s.^  quadrigeminal  eminence;  I., 
stratum  lemnisci;  o.,  stratum  opticum ;  c,  stratum  cinereum;  Ta.,  pulvinate  of  optic  thala- 
mus: c.g.e.^  c.a.i.,  lateral  and  median  corpora  geniculata;  br.s..  br.i.,  superior  and  inferior 
brachia:/.,  fillet;  p. I.,  posterior  longitudinal  bundle:  r.,  raphd;  ///.,^ird  nerve,  and  n.III.^ 
its  nucleus;  <.p. p. ,  posterior  perforated  space;  «.n.,  substantia  nigra,  alwve  this  is  the  tegmen- 
tum with  the  circular  area  of  the  red  nucleus;  cr.,  crusta:  //.,  optic  tract:  M.,  medullary  centre 
of  hemisphere;  n.c,  nucleus  caudatus;  at.,  stria  terminalia.     (After  Quain,  from  Meynert.) 

polar  ganglion-cells,  and  extends  to  the  back  part  of  the  third  ventricle 
as  far  as  the  level  of  the  anterior  corpus  quadrigeminum.     The  fibres 
pass  from  their  origin  partly  through  the  red  nucleus  to  their  superficial 
38 
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origin  in  front  of  the  pons,  at  the  median  side  of  each  crus.  Thej  de- 
cussate with  their  fellows  in  the  middle  raphe.  The  nerve  is  connected 
with  the  optic  nerve. 

Function, — It  supplies  the  levator  palpebrsB  superioris  rauscle,  and 
all  of  the  muscles  of  the  eyeball,  except  the  superior  oblique  to  which 


Fif?.  864.  — Diafrram  of  a  longitudinal  section  tbroufch  the  poos,  showlnfc  the  relation  of  tb^ 
nuclei  for  the  ocular  musclee.  c^,  corpora  quadrisemina;  8,  third  nerve;  ni,  its  nucleus:  i 
fourth  nerve;  iv,  its  nucleus,  the  posterior  part  ol^  the  third;  6,  sixth  nerve.  The  probable 
position  of  the  centre  and  nerve  fibres  for  accommodatioo  is  shown  at  a  and  a\  for  the  reflex 
action  of  iris,  at  b,  and  b' ;  for  the  external  rectus  muscles,  at  c,  &.  The  lines  beneath  the 
floor  of  the  fourth  ventricle  indicate  flbres,  which  connect  the  nuclei.    (Oowers.) 

the  fourth  nerve  is  appropriated,  and  the  rectus  extemus  which  reoeiTea 
the  si-xth  nerve.  Through  the  medium  of  the  ophthalmic  or  lenticular 
ganglion,  of  which  it  forms  what  is  called  the  short  root,  it  also  supplies 
motor  filaments  to  the  iris  and  ciliary  muscle.  The  fibres  which  sub- 
serve the  three  functions,  accommodation,  contraction  of  the  pupil,  and 
nerve-supply  to  the  external  ocular  muscles,  arise  from  three  distinct 
groups  of  cells. 

When  the  third  nerve  is  irritated  within  the  skull,  all  those  muscles 
to  wliich  it  is  distributed  are  convulsed.  When  it  is  paralyzed  or  diviM 
the  following  effects  ensue: — (1)  the  upper  eyelid  can  be  no  longer 
raised  by  the  levator  palpebr^e,  but  droops  (ptosis)  and  remains  gently 
closed  over  the  eye,  under  the  unbalanced  influence  of  the  orbicularis 
palpebrarum,  wliich  is  supplied  by  the  facial  nerve:  (2)  the  eye  is  turned 
outward  arl  downward  (external  strabismus)  by  the  unbalanced  action 
of  the  rectus  extemus  and  superior  oblique  to  which  the  sixth  nerve  is 
appropriated ;  and  hence,  from  the  irregularity  of  the  axes  of  the  eyes, 
double  sight,  diplopia^  is  often  experienced  when  a  single  object  is  within 
view  of  both  the  eyes:  (3)  tlie  eye  cannot  be  moved  either  upward^  down- 
ward^ or  inward:  (4)  the pvpil  becomes  dilated  (mydriasis):  (5)  the  eye 
cannot  accommodate  for  short  distances. 

The  IVth  Nerve  (Trochlmris). 

Origin. — The  IVth  nerve  arises  from  a  nucleus  consisting  of  large 
multipolar  ganglion  cells  situated  below,  t.e.,  ventral  to  the  aqueductus 
of  Sylvius,  which  extends  from  the  back  part  of  the  nucleus  of  the 
third  nerve  to  the  hind  level  of  the  posterior  corpus  quadrigeminum. 
The  fibres  from  either  side  sweep  round  the  central  gray  matter,  and 
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reach  the  valve  of  Vieussens,  where  they  decussate  in  the  middle  line 
and  appear  at  the  front  of  the  pons  at  the  lateral  edge  of  the  cms.     The 


FiR.  866.  —Fourth  Tentricle  with  the  medulla  oblongata  and  the  corpora  quadrigemina.  The 
roman  numbers  indicate  superficial  origins  of  the  cranial  nerves,  while  the  other  numbers  in- 
dicate their  deep  origins,  or  the  position  of  their  central  nuclei.  8,  S',  S'\  S'"y  auditory  nuclei 
nerves;  t,  funiculus  teres:  A.,  B,  corpora  quadrigemina;  eg,  corpus  geniculatum;  p,  c,  pedun- 
cuius  cerebri ;  m,  c,  p.  middle  cerebellar  peduncle;  «,  c,  p,  superior  cerebellar  peduncle;  t\  c,  p, 
inferifN*  cerebellar  peduncle;  I,  c,  locus  cssruleus;  e,  ^  eminentia  teres ^  a,  c,  ala  cinerea;  a,  n, 
accessory  nucleus;  o,  obex;  c,  clava;  /,  c,  funiculus  cuneatus;  /,  g^  funiculus  gracilis. 

nucleus  of  the  fourth  nerve  on  either  side  is  connected  with  those  of  the 
third  and  sixth  nerves. 

Functio}i8. — The  IVth  nerve  is  exclusively  motor,  and  supplies  only 
the  trochlearis  or  obliquus  superior  muscle  of  the  eyeball. 

The  Vth  Nerve  {Trigeminus). 

Origin, — The  Vth  or  Trigeminal  nerve  resembles,  as  already  stated, 
the  spinal  nerves,  in  that  its  branches  are  derived  through  two  roots; 
namely,  the  larger  or  sensory ^  in  connection  with  which  is  the  Gasserian 
ganglion,  and  the  smaller  or  motor  root  which  has  no  ganglion,  and 
which  passes  under  the  ganglion  of  the  sensory  root  to  join  the  third 
branch  or  division  which  ensues  from  it.  The  fibres  of  origin  of  the 
fifth  nerve  come  from  the  floor  of  the  fourth  ventricle.  The  motor  root 
to  the  inside  of  the  sensory,  about  the  middle  of  each  lateral  half.  The 
sensory  fibres,  however,  can  be  traced  down  in  the  medulla  oblongata  as 
far  as  the  upper  part  of  the  cord.  From  the  motor  nucleus  there 
stretches  forward  as  far  as  the  anterior  corpus  quadrigeminum  a  bundle 
of  long  fibres  termed  the  descending  root,  which  has  attached  to  it  sparse 
spheroidal  nerve-cells.  It  is  also  connected  with  the  locus  caeruleus. 
The  sensory  nucleus  outride  the  motor  has  connected  with  it  a  tract  of 
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fibres  from  the  cord  as  low  as  the  second  cervical  nerve,  and  this  forms 
II  tract  at  the  tip  of  the  posterior  cornu,  between  it  and  the  restiform 
body.  No  nerve  cells  are  connected  with  it.  The  roots  can  be  trace*] 
obliquely  through  the  pons  Varolii,  beneath  the  floor  of  the  front  part 
of  the  fourth  ventricle.  The  motor  root  is  in  a  position  median  to 
sensory.  The  nerve  appears  at  the  ventral  surface  of  the  pons  near  its 
front  edge,  at  some  distance  from  the  middle  line. 

Function. — The  first  and  second  divisions  of  the  nerve,  which  arise 
wholly  from  the  larger  root,  are  purely  sensory.  The  third  division 
being  joined,  ils  before  said,  by  the  motor  root  of  the  nerve,  is  of  courRC 
both  motor  and  sensory. 

(a.)  Motor, — Through  branches  of  the  lesser  or  non-gangl ionic  \xix- 
tion  of  the  fifth,  the  muHcles  of  mastication^  namely,  the  temporal,  mas- 
seter,  two  pterygoid,  anterior  part  of  the  digastric,  and  mylohyoid, 
derive  their  motor  nerves.  Filaments  are  also  supplied  to  the  termr 
iympani  and  tensor  palati.  The  motor  function  of  these  branches  is 
proved  by  the  violent  contraction  of  all  the  muscles  of  mastication  in 
experimental  irritation  of  the  third  or  inferior  maxillary  division  of  the 
nerve;  by  paralysis  of  the  same  muscle,  when  it  is  divided  or  disorgan- 


vm 


Fik'.  366. 
luiiulles;  7K> 


—Section  acrojjs  the  pons,  about  the  middle  of  the  fourth  ventricle,    py. ,  pyramidal 

,  .     ,  transverw  libres  passing  fiOx,  behind,  and  poy  in  front  of  py. ;  r.,  raph^  o.«.,  mi- 

|K»rior  olive;  ri.  V.,  bundles  of  ascending  root  of  V.  nerve  inclosed  in  ajprulongation  of  the  sub- 
stance of  Rolando;  VI.,  the  sixth  nerve,  nVI.^  its  nucleus;  VII.,  facial  nerve;  VII. a.,  in- 
tonnediate  portion,  n.VII.,  its  nucleus;    VIIL,   auditory  nerve,  nVIII.,  lateral  nucleus  of  the 


auditory.     cAftcr  Quain.; 


ize<l,  or  from  any  reason  deprived  of  power;  and  by  the  retention  of  the 
power  of  those  muscles,  when  all  those  supplied  by  the  facial  nerve  lose 
tli(»ir  power  througli  paralysis  of  that  nerve.  The  last  instance  proves 
best,  tliiit  though  the  buccinator  muscle  gives  passage  to,  and  receive* 


9ST,—Oen&nl  plan   of  th*»  branches  of  the  fifth  piitr.     M  -^1*  Icntfer  root  of  tho  fifth 
~Tiift£er  rocn  fiaiwltiir  rorwani  into  th*^  <}asi44*rlAti  icarijicifon;  li.  pIiwhh)  on  the  lione  above 

imic  15  ■ ..  I  .-t^   - f   riiviilini;    info  i\u*  siiprn-or^it    i     ^-i  'rymal,  and  nA«Al 

latt  i^ihttijtluik' jj^n^tliou:  4.  ij1i»  tiofi«  cloee  to  tht« 

'  ir  fTwixillary  ilivi'tion,  which  I  below^  with  tho 

lf.iii^..-rji.  41.  '  H'anJ  to  tW  tnfruH>rhilAi  foraiii' 1. .  Jf.  |i.liiced  on  the  boiie 

thJ  fbrameB  oraie,  mm  rior  nia7rillai*y  m-rvj*.  ^ivin^  oft   th*^  anterior  auricular 

latMcalar  braocbes,  ami  i>y  t1i*?  Inferior  dt^ntal  to  tJit«  lowt^r  Jaw.  and  by  the  ettt- 

!^  Ibe  toogin*;  a,  the  s,.. *.i;.4ry  ^huul,  tb©  ttubniaxillarj  gani^llon  placed  above  ft  in 


ooaOQcttiMi  «rith  tho  tnistatory  ncrvt*:  ft,  the  efaiordlA  tjiniMuil ;  7.  the  facial  nerre  iiHiitng  from 
tbm  flKjloniiululil  funiiuet] .     (C^ark>»  htU. ) 


tnftittcatioTi,  in  keeping  the 
poaed  from  analogy^  that  it 
Der?e  timt  supplies  tlu'ni. 
flO-called  bnceal  branch  of  t 
it  b  not  qaito  certain  that  it 
buccinator  niusele. 

(b. )   tSetrntri/,  — Through 
portion  of  the  tifth  uervi^,  all 


food  Wtween  the  teeth,  it  might  be  sup- 
would  have  a  motor  branch  from  the  same 
Thrre  can  Ik*  no  donbt,  howrver,  tliat  the 
lie  fifth  is,  in  the  main,  eenaory;  aithongh 
does  not  give  a  few  motor  fHamentB  to  the 

the  branches  of  the  greater  or  ganglionic 
the  anterior  and  aotero-latoral  part^  of  the 
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face  and  head,  with  the  exception  of  the  skin  of  the  parotid  region 
(which  derives  branches  from  the  cervical  spinal  nerves),  acquire  com- 
mon.sensibility;  and  among  these  parts  may  be  included  the  organs  of 
special  sense,  from  which  common  sensations  are  conveyed  through  the 
fifth  nerve,  and  their  special  sensations  through  their  several  nerves  of 
special  sense.  The  muscles,  also,  of  the  face  and  lower  jaw  acquire 
muscular  sensibility,  through  the  filaments  of  the  ganglionic  portion  of 
tlio  fifth  nerve  distributed  to  them  with  their  proper  motor  nerves.  The 
sensory  function  of  the  branches  of  the  greater  division  of  the  fifth  nerve 
is  proved,  by  all  the  usual  evidences,  such  as  their  distribution  in  parts 
that  are  sensitive  and  not  capable  of  muscular  contraction,  the  exceeding 
sensibility  of  some  of  these  parts,  their  loss  of  sensation  when  the  nerve 
is  paralyzed  or  divided,  the  pain  without  convulsions  produced  by  mor- 
bid or  experimental  irritation  of  the  trunk  or  branches  of  the  nerve, 
and  the  analogy  of  this  portion  of  the  fifth  to  the  posterior  root  of  the 
spinal  nerve. 

Other  Functions, — In  relation  to  muscular  moifements^  the  branches 
of  the  greater  or  ganglionic  portion  of  the  fifth  nerve  exercise  a  mani- 
fold infiuenee  on  the  movements  of  the  muscles  of  the  head  and  face 
and  other  })arts  in  which  they  are  distributed.  They  do  so,  in  the  first 
place  (a),  by  providing  the  muscles  themselves  with  that  sensibility 
without  which  the  mind,  being  unconscious  of  their  position  and  state, 
cannot  voluntarily  exercise  them.  It  is,  probably,  for  conferring  this 
sensibility  on  the  muscles,  that  the  branches  of  the  fifth  nerve  commu- 
nioate  so  frequently  with  those  of  the  facial  and  hypoglossal,  and  the 
nerves  of  the  muscles  of  the  eye;  and  it  is  because  of  the  loss  of  this 
sensibility  that  when  the  fifth  nerve  is  divided,  animals  are  always  slow 
and  awkward  in  the  movement  of  the  muscles  of  the  face  and  head,  or 
hold  them  still,  or  guide  their  movements  by  the  sight  of  the-  objects 
toward  which  they  wish  to  move. 

(A.)  Again,  the  fifth  nerve  has  an  indirect  influence  on  the  muscular 
movonients,  by  conveying  sensations  of  the  state  and  position  of  the  skin 
and  other  part«:  wliich  the  mind  perceiving,  is  enabled  to  determine 
appropriate  acts.  Thus,  when  the  fifth  nerve  or  the  infra-orbital  branch 
is  divided,  the  movement  of  the  lips  in  feeding  may  cease,  or  be  imper- 
fect. 

(<*.)  An  intimate  connection  with  muscular  movements  through  the 
many  refiex  acts  of  muscles  of  which  it  is  the  necessary  excitant.  Hence, 
wlien  it  is  divided  and  can  no  longer  convey  impressions  to  the  nervous 
centres  to  be  thence  reflected,  the  irritation  of  the  conjunctiva  produces 
no  closure  of  the  eye,  the  mechanical  irritation  of  the  nose  excites  no 
sneeiing. 

Through  its  ciliary  branches  and  the  branch  which  forms  the 
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_  root  of  the  ciHury  or  ophthalnnc  g>in*^Ufin,  it  exercises  also  some 
iiirtueiici'  on  the  moveDieota  of  tlje  irin.      When  the  trunk  of  the  yph- 
thttlmic  portion  is  divided,  the  pnpil   lieeomea,  arcoriling  to  Valentin, 
jiitraeted  in  men  iinrl  rahbit8,  antl  dilated  in  eats  and  dogs;  l)tjt   in  all 
*es,  becomes  imraoVHble  even  nnder  all  the  varieties  of  the  stimulus  of 
light.     How  the  fifth  nerve  thus  affects  the  iris  is  unexplained;  it  has 
^U»een  ingeniously  suggested  the  inrtuence  of  the  fifth  nerve  on  the  move- 
Hxuents  of  the  iris  may  be  ascribed  to  the  affection  of  vision  in  consefjnence 
^kf  the  disturbed  circulation  or  nutrition  in  the  retina,  when  the  normal 
influence  of  the  fifth  nerve  is  disturbed.      In  such  tiistiirbunce,  increased 
circulation  making  the  retina  more  irritable  nnght  induce  extreme  con- 
traction of  the  iris, 

P,  Trofihir  iNj!ffeNC(\ — The  morbid  effects  which  division  of  the  fifth 
nerve  produces  in  the  organs  of  special  Hense,  niuTve  it  jjrobabh^  that,  in 
the  normal  state,  the  fifth  nerve  exercises  some  special  or  trophiv  influ- 
ence on  tlic  nutrition  of  all  these  organs;  althougli^  in  part,  the  effect 
of  the  section  of  the  nerve  is  only  indirectly  destructive  by  abolishing 
sensation,  and  therefore  the  natural  safeguard  which  leads  to  the  pro- 
tectiim  of  parts  from  external  injury.  Thus,  after  such  division,  witliin 
a  period  varying  from  twenty-four  hours  to  a  week,  the  cornea  begins  to 
be  oparjue;  then  it  grows  completely  white;  a  low  destructive  inftamma- 
tory  J I  roc  ess  ensues  in  the  conjunctiva,  scleroticn,  and  interior  parts  of 
the  eye;  and  within  one  or  a  few  weeks,  tlic  whole  eye  may  be  quite 
disorganized,  and  the  eornea  may  sloiigli  or  be  penetrated  by  a  Isr rge 
ulcer.  The  sense  of  smell  (and  not  merely  that  of  mecbanicsd  irritation 
of  the  nose),  nuiy  be  at  the  same  time  lost  or  gravely  impaired;  so  mwy 
the  bearing,  and  commonly,  whenever  the  fifth  nerve  is  paralyzed,  the 
tongue  loses  the  sense  of  taste  in  it^  anterior  and   hitt^nd   parts,  and  ac- 

»  cording  to  (Jowers  in  the  jioBterior  part  as  well. 
In  trltifioft  to  Tmte, — The  loss  of  tactile  sensibility  m  well  as  tfje 
sense  i*f  tiiste,  i«  no  doubt  tlue  {tt)  to  the  lingual  branch  of  the  fifth  nerve 
being  a  nerve  of  tactile  sense,  and  also  liecause  with  it  runs  the  chorda 
tympani,  which  is  one  of  the  nerves  of  taste;  ]mrtly,  also,  it  is  due  {b)^ 
to  the  fact  tlnit  this  Ijranch  Bupplies,  in  the  anterior  and  lateral  parts  of 
the  tongue,  a  necei^ary  condition  for  the  proper  nutrition  of  that  [mrt; 
while  (r),  it  forms  also  one  chief  link  in  the  nervous  circle  for  reflex 
action,  in  the  secretion  of  saliva.  But,  deferring  this  rj  nest  ion  until 
the  glosso- pharyngeal  nerve  is  to  be  considered,  it  may  be  observed  that 
in  some  brief  time  after  complete  paralysis  or  division  of  the  fifth  nerve, 
the  power  of  all  the  organs  of  the  special  senses  may  be  lost;  they  may 
lose  not  merely  their  sensibility  to  common  impressions,  for  which  they 
all  depend  directly  on  the  fifth  nerve,  but  also  their  senaibility  to  their 
several  peculiar  impresaions  for  the  reception  and  conduction  of  which 
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they  lire  purposely  constructed  and  supplied  with  special  nerves  besiaeg 
the  fifth.  The  facts  observed  in  these  cases  can,  perhaps,  be  only  ex- 
plained by  the  influence  which  the  fifth  nerve  exercises  on  the  nutritive 
processes  in  the  organs  of  the  special  senses.  It  is  not  unreasonable  to 
believe,  that,  in  paralysis  of  the  fifth  nerve,  their  tissues  may  be  the 
scats  of  such  changes  as  are  seen  in  the  laxity,  the  vascular  congestiou, 
oedema,  and  other  affections  of  the  skin  of  the  face  and  other  tegumen- 
tary  parts  which  also  accompany  the  paralysis;  and  that  these  changes, 
which  may  appear  unimportant  when  they  affect  external  parts,  aw 
sufficient  to  destroy  that  refinement  of  structure  by  which  the  organs  of 
the  special  senses  are  adapted  to  their  functions. 

The  Vlth  Nerve  (Abducens). 

Origin, — The  Vlth  nerve  arises  from  a  compact  oval  nucleus,  situ- 
ated somewhat  deeply  at  the  back  part  of  the  pons  near  the  middle  of 
the  floor  of  the  fourth  ventricle.  The  eminentia  teres  marks  its  posi* 
tion.  It  contains  moderately  large  nerve-cells  with  distinct  axis  cylin- 
der processes.  It  is  connected  (fig.  3G4)  with  the  nuclei  of  the  third, 
fourth,  and  seventh  nerves.  It  is  nearer  the  middle  line  than  the  nuclei 
of  the  fifth  and  seventh.  The  root  is  thin,  and  passes  ventrally  and 
laterally  through  the  reticular  formation,  to  the  surface,  which  it  reaches 
at  the  hind  end  of  the  pons  opposite  the  front  end  of  anterior  pyramid. 

Functions, — The  sixth  nerve  is  exclusively  motor,  and  supplies  only 
the  rectus  externus  muscle  of  the  eye. 

The  rectus  externus  is  convulsed,  and  the  eye  is  turned  outward, 
when  the  sixth  nerve  is  irritated;  and  the  muscle  is  paralyzed  when  the 
nerve  is  divided.  In  all  such  cases  of  paralysis,  the  eye  squints  inward, 
and  cannot  be  moved  outward. 

In  its  course  through  the  cavernous  sinus,  the  sixth  nerve  forms 
larger  communications  with  the  sympathetic  nerve  than  any  other  nerve 
within  the  cavity  of  the  skull  does.  But  the  import  of  these  communi- 
cations with  the  sympathetic,  and  the  subsequent  distribution  of  its 
filaments  after  joining  the  sixth  nerve,  are  quite  unknown. 

The  Vllth  Nerve  {Facial), 

Origin, — The  facial,  or  portio  dura  of  the  seventh  pair  of  nerves, 
arises  from  the  floor  of  the  central  part  of  the  fourth  ventricle  behind 
jind  in  line  with  the  motor  nucleus  of  the  fifth,  to  the  outside  of  and 
deej>er  down  than  the  nucleus  of  the  sixth.  The  nucleus  is  narrower  in 
front  than  behind,  and  consists  of  large  cells  with  well  marked  axis 
cylinder-processes,  which  are  gathered  up  at  the  dorsal  surface  of  the 
'^leus  to  form  a  root     The  root  describes  a  loop  round  the  nucleus  of 


nerve,  runnhig  forward  for  soiiiu  little  distume^  dursal  tu  the 

luclcus^  then  desceudiiig  vurticully,  iJ;i.s.sifig  tooiitside  of  its  own  micleue 

:?tween  it  and  the  ascending  root  of  fifth  nerve.     It  emerges  at  the 

liiudcr  margin  of  the  pons  Jaternl  tn  the  sixtli  nerve,  opposite  the  front 

edge  of  the  groove  between  the  olivary  aed  restiform  bodies.     It  may  be 

■eonnected  with  the  hypoglossal  nucleus.     There  are  two  roota;  the  lower 

and  smaller  is  called  the  portio  intermedia. 

»  Functions, —The  seventh  nerve  is  tlie  motor  nerve  of  all  the  inuseleja 
of  the  face,  including  the  platysma,  Ijtii  not  including  any  of  the  mus- 
cles of  nuu5tic!ilion  already  ennmerated;  it  supplies,  also,  the  parotid 
•  gland,  and  through  the  connection  of  its  trunk  with  the  Vidian  nerve, 
by  the  petrosal  nerves^  some  of  the  muscleB  of  the  soft  palate,  probably 
the  levator  pahiti  and  azygos  uvuUb,  By  its  tympanic  branches  it  sup- 
plies the  stapedius  and  hixator  tympaui ;  and  through  the  optic  ganglion, 
the  tensor  tym pan i;  through  the  chorda  tifmpani  it  sends  branches  to 
the  submnxilhiry  gland  nud  to  the  lingual  is  and  some  other  muscuhir 
fibres  of  the  tongue,  and  to  the  muctuis  membrane  of  its  anterior  two- 
thirds;  and  by  branches  given  off  l^>efore  it  comes  upon  the  face,  it  sup- 
plies the  muscles  of  the  external  ear,  the  posterior  part  of  the  digas- 
tricus,  and  the  stylo-hyoideuB. 
■  Beside  its  motor  influence,  the  facial  is  also,  by  means  of  the  iibres 
which  are  supplied  to  the  submaxiihiry  and  parotid  gbinds,  a  scrrehn/ 
nerve.  For,  through  the  last-named  branches,  imprcBsious  may  im  con- 
veyed which  excite  increasetl  secretion  of  saliva. 

PffrfihfSis  of  Fftrinl  Nerve, — When  the  facial  nerve  is  divided,  or  in 
any  other  way  paralyzed,  the  loss  of  power  in  the  muscles  wdiich  it  snp- 
plie^«  while  proving  the  nature  and  extent  of  its  fnnctions,  displays  also 
the  necessity  of  its  perfeclion  for  the  perfect  exercise  of  idl  the  organs 
of  the  special  senses*  Tims,  in  paralysis  of  the  facial  nerve,  the  orbicu- 
laris palpebrarum  being  powerless,  the  eye  remains  open  through  the 
unbalanced  action  of  the  levator  ]mlpebrjB;  and  the  coujriu«?tiva,  thus 
contiuoally  exposed  to  the  air  and  the  contact  of  dust,  is  liable  to  re- 
peated inflammation,  which  may  end  in  thickening  and  opacity  of  the 
cornea.  These  changes,  however,  ensue  much  more  slowly  than  those 
wiiifh  follow  paralysis  of  the  fiftli  nerve,  and  never  l>ear  the  same  de- 
gtrnctive  character. 

The  sense  of  hearing,  also,  is  impaired  in  many  cases  of  paralysis  of 
the  facial  nerve;  not  only  in  such  as  an-  instances  o^  einuiltaneous  dis- 
ease in  the  auditory  nerves,  Init  in  such  as  may  be  explained  by  the  loss 
of  power  in  the  muscles  of  the  internal  car.  The  sense  of  smell  is  com- 
monly at  the  same  time  impaired  through  the  inability  to  draw  air 
briskly  toward  the  upper  part  of  the  nasal  cavities  in  which  part  alone 
tlio  olfactory  nerve  is  distributed;  because,  to  draw  the  air  perfectly  in 
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tliid  jirection,  the  action  of  the  dilators  and  compresaors  of  tbe  ui«s. 
triU  should  be  perfect. 

Lustiy,  ihv  sense  of  biste  i«  impaired,  or  may  he  wludly  k^st  in  [»anl- 
ysis  of  the  facial  uerve^  provided  the  8ouri-e  of  the  piiraly  dis  lie  in  suuif 
part  of  the  nerve  between  its  origin  and  the  giving  off  of  the  chorda  tym* 
paru.  This  result,  which  lias  been  observed  in  many  instances  of  disea,'-* 
at  the  facial  nerve  in  man,  appears  explicable  on  the  supi»ositiou  that  Uie 
chorda  tympani  is  the  nerve  of  taste  to  the  anterior  two-thirds  of  the 
tongue,  its  libres  being  distribnied  with  the  so-called  gustatory  or  litipjil 
branch  of  the  fifth.  Sonic  look  npon  the  chorda  as  partly  or  entirely 
made  up  uf  libres  from  the  fifth  nerve,  and  not  strictly  ^[leaking  m  a 
branch  uf  the  fac  ial;  others  consider  that  it  receivefi  its  ta^te  fihreg  from 
corjjninnit*atJona  with  the  glosso'|diaryngeah 

Together  with  these  etfects  of  juiralysis  of  the  facial  nerve,  the  tiin«- 
cles  of  the  face  being  all  powerless,  the  eonntenance  acquires  on  the 
paralyzed  side  a  characteristic,  vacant  look,  from  the  absence  of  all  ti- 
pression:  the  angle  of  the  mouth  is  lower,  and  the  paralyzed  half  of  the 
month  looks  longer  than  that  on  the  other  side;  the  eye  has  an  nnraeaL- 
ing  stare.  All  these  peculiarities  increa^,  the  longer  the  paralysis 
lasts;  and  their  appearance  is  exaggerated  when  at  any  time  the  musdes 
of  the  opposite  side  of  the  face  are  maile  active  in  any  expression,  or  in 
any  of  their  ordinary  functions.  In  an  attempt  to  blow  or  whistle,  one 
side  of  the  mouth  and  chei^ks  acts  properly,  but  the  other  side  ig  mo- 
tionless^  or  flaps  loosely  at  the  impulse  of  the  expired  air;  so  in  trying 
to  suck,  one  side  only  of  the  month  acts;  in  feeding,  the  lips  and  cheeks 
are  powerless,  and  on  account  of  paralysis  of  the  buocinator  muscle  food 
lixiges  l>etween  the  cheek  and  gums. 


^ 


The  Vlllth  Nerve  (AmVilorti), 

OriV/iw.— The  VII It h  nerve  arises  from  two  nuclei,  fn^ifmiv  and /*//- 
erah  iii  the  floor  of  the  fourth  ventricle,  in  the  anterior  part  of  the*  i 
bulb  in  front  and  to  the  side  of  the  twelfth  nerve;  it  extends  from  the 
middle  line  to  the  outside  margin  of  tl»e  ventricle.  There  is  also  au 
ttccmmnj  nucleus  situated  on  the  ventral  surface  of  the  restiform  body, 
The  nerve  leaves  the  surface  of  the  brain  from  the  ventral  surface  of  the 
fi»re-part  of  the  restiform  body  at  the  hind  margin  of  the  pons  in  two 
roots.  One  winds  round  the  restiform  body  dorsal  to  it  and  the  other 
metlian  to  it.  The  former  is  called  the  dorsal  root.  The  latter 
18  called  the  i^nirai  roai.  Most  of  the  fibres  of  the  dorsal  root  (corhlear) 
end  in  cells  of  the  acettmry  nucleus,  but  fibres  emergin|r  frem  this  nil- 
cleus  pass  inward  to  the  bulb,  superficially,  forming  the  siria  aimsiiem\ 
of  the  fourth  ventricle  and  end  in  the  median  nucleua. 


I 


I 


I 

I 


'Httrtitths, —  J  he  cofhlear  l>raiit*li    is  tlu^  aiuJitiiry  lUM'vt^  priiper,  uii 
the  veiStiUulur  is  ili.stributed  to  the  seniicin'ular  eaiiuLs,  tliu  utrieule  and 
[saccule,  parts  of  the  internal  ear  not  directly  concerned  with  hearing. 

The  IXth  Nerve  {(HomO' Pharyngeal). 

Origin. — The  glosso-pharyngeal  nerves  (ix.,  fig.  3G4),  in  tlie  eimmtj- 
ration  of  the  rorehral  nervt^s  by  nuinhert^  act^onlin*,^  to  tlie  poHitiun  in 
whitdi  thoy  leave  tho  ercniiurn,  are  ^'on^^i(lered  as  divisions  of  tho  eighth 
pair  of  nerveity  the  vagua  and  spinal  acL^essory  nerves  lie i lie  ineluded  with 
them,  TUv.  imicni  t*t  iUv  inNdei  is  indeed  t^o  intiniute  tliat  it  will  he  as 
well  to  take  the  origins  of  the  nintli,  tentli,  and  eleventli  nerves  together. 

These  three  ner^^ea  emerge  from  the  bulb  and  spinal  cord  in  their 
nunierieal  order  from  above  downward,  the  hdhar  pnrtion  from  tlie  lat- 
eral asjieet  of  the  bulb  in  a  line  between  the  olivary  and  retstiforni  bodies; 
and  the  spinal poriimi  from  a  line  intermediate  between  the  anterior  and 
posterior  nerve  roots  a8  far  down  aa  the  sixth  or  seventh  eervicah 

Tlie  combined  gbmso-pluiryngeal-aceessory- vagus  niiclens  appeurs  to 
consist  of  two  parts,  vij?.,  one  nmlian  or  common  origin,  having  cou- 
spit-noim  nerve-eells  of  moderate  size,  and  three  hdentl  nritjins^  having 
but  few  cells  of  small  Bize.  Theae  are — i.  the  nuckfis  (imi/itiutfi^^  wliii  li 
lies  on  the  lateral  side  of  the  reticular  formation  and  is  the  origin  of  the 
vagus;  ii.  the  fmeintlfis  Koliittrius,  situated  in  the  bnlb,  ventral  and  a 
little  lateral  to  the  eomhinetl  nucleus,  is  also  calleil  the  jiscending  root 
of  the  glofsso-jdiaryngeal  nerve  or  the  respiratory  bundle;  and  iii,  the 
apifiti!  /tftrffoft  wiiich  takes  origin  from  a  group  of  eells  lying  in  tlie  ex- 
treme lateral  margin  of  the  anterior  eoriuu  This  is  the  origin  of  the 
epinalacccBSory;  it  corresponds  to  the  an tero- lateral  nucleus  of  the  bulb, 
and  the  lateral  part  o(  ihv  gray  matter  of  the  sjiinal  eord. 

The  fibreg  of  the  spinal  origin  of  the  nerve  }uis8  from  these  cells 
through  the  lateral  column  to  the  surface  of  the  cord. 

Tfie  fibres  froui  tlie  romlnufff  tinrh'its^  chiefly  from  the  mtdiifH  jmrt^ 
pass  in  a  ventral  ami  hvteral  direction  through  the  reticular  formation, 
then  ventral  to  or  through  the  gelatinous  substance  and  strand  of  fibres 
connerted  with  the  fifth  nerve,  to  the  surface  of  bulk 

The  fibres  from  the  tntthiis  nmbit/UKS  join  the  combined  nerve,  but 
especially  the  vagus. 

Tht' bundles  of  fibres  of  thi}  fa^srinthi,^  soliiar i ff s  Bturt  in  the  hiteral 
gray  matter  of  the  cervical  cord  and  higher  in  the  reticular  formation 
of  the  bulb,  run  longitudinally  forward  to  pass  into  the  roots  of  the  ninth 
nerve. 
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IXth  Nerve. — Distribution, — The  gloaso-pharyngeal  nerve  gives  fiU- 
meats  through  its  tympanic  branch  (Jacobson^s  nerve),  to  the  fenestra 
ovalis  and  fenestra  rotunda,  and  the  Eustachian  tube,  parts  of  the  mid- 
dle ear;  also,  to  the  carotid  plexus,  and  through  the  petrosal  nerve,  to 
the  spheno-palatine  ganglion.  After  communicating,  either  within  or 
without  the  cranium,  with  the  vagus,  and  soon  after  it  leaves  the  cra- 
nium, with  the  sympathetic,  digastric  branch  of  the  facial,  and  the 
accessory  nerve,  the  glosso-pharyngeal  nerve  parts  into  the  two  principal 
divisions  indicated  by  its  name,  and  supplies  the  mucous  membrane  of 
the  posterior  and  lateral  walls  of  the  upper  part  of  the  pharynx,  the 
Eustachian  tube,  the  arches  of  the  palate,  the  tonsils  and  their  mucoug 
membrane,  and  the  tongue  as  far  forward  as  the  foramen  caecum  in  the 
middle  line,  and  to  near  the  tip  at  the  sides  and  inferior  part. 

Functions, — The  glosso-pharyngeal  nerve  contains  some  motor  fibres, 
together  with  those  of  common  sensation  and  the  sense  of  taste. 

1.  Motor  fibres  are  distributed  to  the  palato-pharyngeus,  the  stvlo- 
pharyngeus,  palato-glossus,  and  constrictors  of  the  pharynx. 

2.  Sensory  fibres  in  the  parts  which  it  supplies,  and  a  centripetal 
nerve  through  which  impressions  are  conveyed  to  be  reflected  to  the  ad- 
jacent muscles. 

3.  Fibres  for  the  special  nerve  of  taste  (from  its  fibres  derived  from 
the  fiftli,  (towers),  in  all  the  parts  of  the  tongue  and  palate  to  which  it  is 
distributed.  After  many  discussions,  the  question.  Which  is  the  nerve 
of  tiiste? — the  chorda  tympani,  the  gustatory,  or  the  glosso-pharyngeal? 
— may  be  most  probably  answered  by  stating  that  they  are  not  them- 
selves, strictly  speaking,  nerves  of  this  special  function,  but  through 
their  connection  with  the  fifth  nerve.  For  very  numerous  experiments 
and  cases  have  shown  that  when  the  trunk  of  the  fifth  nerve  is  paralyzed 
or  divided,  the  sense  of  taste  is  completely  lost  in  the  superior  surface 
of  the  anterior  and  lateral  parts  of  the  tongue,  at  the  back  of  the  tongue, 
and  on  the  soft  palate  and  palatine  arches.  The  loss  is  instantanoona 
after  division  of  the  nerve,  and,  therefore,  cannot  be  ascribed  wholly  to 
the  defective  nutrition  of  the  part,  though  to  this,  perhaps,  may  be 
ascribed  the  more  complete  and  general  loss  of  the  sense  of  taste  when 
the  whole  of  the  fifth  nerve  has  been  paralyzed. 

The  Xth  Nerve  ( Vagus  or  Pneumogastric) . 

The  origin  of  the  Vagus  nerve  is,  as  we  have  just  seen,  situated  in 
the  lower  half  of  the  calamus  scriptorius  in  the  ala  cinerea  {fig,  365). 
Its  nucleus  is  said  to  represent  the  cells  of  Clarke's  (posterior  vesicular) 
column  of  the  spinal  cord.  In  origin  it  is  closely  connected  with  the 
ninth,  eleventh,  and  the  twelfth.      The  combined  glosso-pharyngeal- 
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vago-acccssory  nuclei  lie  outside  of,  close  to,  and  parallel  with  the  nucleus 
of  the  twelfth. 

Disirilndion. — It  supplies  sensory  branches,  which  accompany  the 
sympathetic  on  the  middle  meningeal  artery,  and  others  which  supply 
the  back  part  of  the  meatus  and  the  adjoining  part  of  the  external  ear. 
It  is  connected  with  the  petrous  ganglion  of  the  glosso-pharyngeal,  by 
means  of  fibres  to  its  jugular  ganglion;  with  the  spinal  accessory  which 
supplies  it  with  its  motor  fibres  for  the  larger  and  upper  portion  of  the 
GDfiophagus,  and  with  its  inhibitory  fibres  for  the  heart;  also  with  the 
twelfth;  with  the  superior  cervical  ganglion  of  the  sympathetic;  and 
with  the  cervical  plexus.  It  has,  of  all  the  nerves,  the  most  varied  dis- 
tribution and  functions,  either  through  its  own  filaments,  or  through 
those  which,  derived  from  other  nerves,  are  mingled  in  its  branches. 
The  parts  supplied  by  the  branches  of  the  vagus  are  as  follows: — 

(1.)  By  ita pJiaryngenl  branches,  which  enter  the  pharyngeal  plexus, 
a  large  portion  of  the  mucous  membrane,  and,  probably,  all  the  muscles 
of  the  pharjnx. 

(2.)  By  the  superior  laryngeal  nerve,  the  mucous  membrane  of  the 
under  service  of  the  epiglottis,  the  glottis,  and  the  greater  part  of  the 
larynx,  and  the  crico-thyroid  muscle. 

(3.)  By  the  inferior  laryngeal  nerve,  the  mucous  membrane  and  mus- 
cular fibres  of  the  trachea,  the  lower  part  of  the  pharynx  and  larynx, 
and  all  the  muscles  of  the  larynx  except  the  crico-thyroid. 

(4.)  By  its  msophageal  branches,  the  mucous  membrane  and  muscular 
coats  of  the  oesophagus. 

(5.)  Through  the  cardiac  nerves,  moreover,  the  branches  of  the  vagus 
form  a  large  portion  of  the  supply  of  nerves  to  the  heart  and  the  great 
arteries. 

(6.)  Through  the  anterior  and  the  posterior  pulmonary  plexuses  to  tlie 
lungs. 

(7.)  Through  its  gastric  branches  to  the  stomach;  and  to  the  intes- 
tines, and  kidneys,  by  its  terminal  branches. 

(8.)  Through  its  hepatic  and  splenic  branches,  the  liver  and  the  spleen 
are  partly  supplied  with  nerves. 

Functions. — Throughout  its  whole  course,  the  vagus  contains  both 
sensory  and  motor  fibres.  To  summarize  the  many  functions  of  this 
nerve,  which  have  been  for  the  most  part  considered  in  the  preceding 
chapters,  it  may  be  said  that  it  8uj)plie8  (1)  motor  influence  to  the 
pharynx  and  oesophagus,  stomach  and  intestines,  to  the  larynx,  trachea, 
bronchi,  and  lung;  (2)  sensory  and,  in  part,  (3)  vaso-motor  influence, 
to  the  same  regions;  (4)  inhibitory  influence  to  the  heart;  (5)  inhibi- 


Fl*:.  86«.  -  At  >w  i\i  rln*  in^rws  L\,    X,  aud  XI,  tlit*ir   (iiKtrihution  aim   <  urirnMiJiiniii  on  Uie  1 
■fde,     2-fi.  —  i,  rntHiriKitrii^trik'  iinrve    in  tbt*  n*x?k ;  8.  jj^ntiij^lioii  of  itstnjuk;?!.  it«  unJou  with  1 
■ptrifvl  flci"*>^^<firr !  t.  iL4  miioti  wirh   the  hyp*»Kl"'HMal;    5,  phurvnpi^oll  branch :   fi,  superior  lmi_ 
|j:^al  TiiM  V       '  •  mil  laryti|]Ct*al :    8,  laryrii^ejil   plexus:   11,  irir*»rior  or  rtviirrent  laryn^TMill:  W. 

Rtiperii>t  meh;  11,  nifijilli^  car»iiac: ;   la,  ph^xifomi  jmrt  of  tJie  nerve  in  tlu"!  ihanLi;   11, 

jHiHterii..  V  {iIhscuh;  14,   lin^uul  or  Ktii*1«t4iry  nerve  of  the  inf<-rior  luaiciHary;  15,  byptv 

^Uiifif^),  TiissiriL:  iin^i  tliH  Tiui»i"h*a  of  the  toTi(?ue,  ifiviiiji  its  thym  hyoid  brunch,  «nfl  utiilinj;  With 
twiK»<  *>r  the  liniLT^ULi.;  16,  >s'bn>i&«»-pharyri>fi'iil  nerve;  IT.  wjil'nal  at-oeissrjir^  nerv*',  uiiUin^  r^y  i^ 
innf^r  hrnneli  wlMi  ihe  pneunioffustrie,  ftml  hv  it**  outer,  fut^viint;  into  the  stfmt*-riiii.^t«tjii  iijiii«4:ti'; 
IH.  §i*e€>n{l  *j^^rvk*-al  nerve:  I'J,  tbinl;  311,  fourth;  ai,  ii>HKinof  th«  phrenic  nerve,  tW,  i?i.  fifth,  tUxth. 
seventh,  jind  ej^pjhth  cervical  nervf»s,  fnrminu  with  the  ftrst  rlorsul  the  brachial  plexiin;  34,  «i 
p^Hor  ciTvical  ^n^ltni)  of  the  Hvnijiatfietic:  iK>,  TJiitlilh'  cervical  K'«"»?lion:  a*!,  infenor  cerTicaJ 
Ran^llMn  iiiuCeil  with  the  tirst  Horsaf  panj^lion;  *S.  ^H,  *^,  W,  mi:unil,  thtnl.  foiirtli,  and  flftk 
dorHiil  uftii;;lia,     fFmtn  Bapix^y  ftfl**r  Hir»t'bf*»lt]  and  l^^veUb'v  > 


brandies,  ib  often  very  quiokly  fufcaliu  yoyng  aiHiiiuk;  but  in  old  ani- 
mi\h  tlie  flivt^itin  of  the  recurrt^nt  nerve  is  not  gi'iierully,  and  tJmt  of 
both  the  vagi  is  uut  tdways,  fatal,  and,  wbeu  it  is  so,  death  eusnes  slowly. 
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ns  dtifereiloe  is,  tbut  the  jieldiug  of  the  cartilages  of  the  htryTix  in 
young  aninialB  permits  the  giottis  to  \m  cIoschI  by  the  atmospheric  pres- 
sure in  inspiration,  and  so  they  iire  quit^kly  suffocuted  unless  tracheotomy 
be  performai.  In  old  unimals,  tlie  rigidity  and  prominence  of  the  aryt- 
enoid cartilages  prevent  the  glottis  from  heing  completely  closed  by  the 
atmospheric  pressure;  even  when  all  the  miisclcB  arc  paralyzed,  a  por- 
tion at  its  ]K38terior  part  remaim  open,  and  through  this  the  animal 
continues  to  breathe. 

In  the  case  of  slower  death,  after  division  of  both  the  vagi,  the  lungs 
are  commonly  found  gorged  with  blood,  (pdcmatous,  or  nearly  s^ilid, 
from  a  kind  of  low  pneumonia,  and  ttie  bronchial  tubes  full  of  frothy 
Irloody  fluid  and  mucus,  to  which,  in  general,  the  death  may  be  asiTibed. 
These  changes  are  due,  in  part,  to  the  passage  of  fond  and  of  the  varioua 
secretions  of  the  mouth  and  fauces  through  the  glottit^,  which,  I>eing 
deprived  of  its  sensibility,  is  no  longer  stimulated  or  closed  in  eonse- 
fpicnce  of  their  contact. 


The  Xlth   Nerve  {Spimii  Arcessonf), 


^^  Orif/tn  ttiifl  Connedionii, — The  nerve  arises  by  two  distmct  origins— 
r  one  from  ti  centre  in  the  floor  of  the  fourth  ventricle,  partly  but  ebiefly 
in  the  irjcdnlla,  an<l  connected  with  the  glosso^pbaryngeabvagus-nuclens; 
the  other,  from  the  outer  side  of  the  anterior  cornu  of  the  spinal  conl 
as  low  down  as  the  fifth  or  sixtli  cervical  nerve.  The  fibres  from  the 
two  origins  come  together  at  the  jugular  foramen,  hut  separate  again 
into  two  branches,  the  inner  of  which,  arising  from  the  medulhi,  joins 
tho  vagus,  to  which  it  supplies  its  motor  fibres,  consisting  of  small  nie- 
diilhilcd  or  visceral  nerve-fibres,  while  tlic  outer  consi^ting  of  largo 
medulhited  fibres,  snpplies  the  trajwzius  and  sterno-mastoid  muscles. 
The  snndl-fihred  bram-b  is  siiid  to  arise  from  a  nucleus  corresponding  to 
the  jKJsterior  vcsicubir  column  of  Clarke. 

The  principal  branch  of  the  aece^ory  nerve,  its  external  branch, 
then  supplies  tho  sterno- mastoid  and  trapezius  muscles;  and,  though 
pain  is  produced  by  irritating  it,  is  composed  almost  exclusively  of 
motor  fibres.  The  internal  branch  of  the  accessory  nerve  supplies  chiefly 
viscero-motor  fi himents  to  the  vagus.  The  muscles  of  the  larynx,  all  of 
which,  as  already  stated,  are  supplied,  apparently,  by  branches  of  the 
vagus,  are  siiid  to  4lerive  their  motor  nerves  from  tho  accessory;  antl 
(which  is  a  very  significant  fact)  Vrolik  states  that  in  the  chimpanzee 
tile  internal  brunch  of  the  accessory  does  not  join  the  vagus  at  all,  but 
goes  direct  to  the  larynx. 

Among  the  roots  of  the  accessory  nerre,  the  lower  or  external,  aris- 
ing from  the  spinal  cord,  appears  to  be  composed  exclusively  of  motor 
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pes.     Separating  these  two  parts,  is  a  mass  of  gray  matter  of  the  shape 
of  a  lens,  called  the  locus  or  nuchas  niger  or  substantia  nigra. 

The  tegmentum  situated  dorsally  ends  for  the  most  part  in  the 
neighborhood  of  the  optic  thalamus  and  the  parts  beneath.  In  coofle- 
quence  of  this  the  fibres  of  the  pes  are  allowed  to  come  dorsally  and  to 
proceed  between  the  optic  thalamus  and  the  more  posterior  part  (the 
lenticular  nucleus)  of  the  corpus  striatum,  on  their  course  to  the  cere- 
bral cortex.  When  in  this  situation  they  form  a  compact  mass  of  fibres. 
As  they  pass  more  dorsally  the  fibres  spread  out  in  the  form  of  a  fan, 
and  this  arrangement  is  called  the  corona  radiata.     The  fibres  of  the  pes 


Fig.  809.— Diagram  of  the  motor  tract  as  shown  in  a  diagrammatic  horixontal  tectioD 
througn  the  cerebral  hemispheres.  Crura,  Pons,  and  Medulla.  Fr.,  Frontal  lobe;  Oc,  occipital 
lobe;  AF..  ascending  frontal,  AP.,  ascending  parietal  convolutions;  PCF. ,  pre-central  flaiiire. 
in  front  of  the  ascending  frontal  convolution;  FR.,  fissure  of  Rolando;  IFF.,  inter-parietal  As- 
sure, a  section  of  cms  is  lettered  on  the  left  side.  8N. ,  Substantia  nigra;  Fy. ,  pyramidal  motor 
fibre,  which  on  the  right  is  shown  as  continuous  lines  oonverging  to  pass  througb  the  posterior 
limb  of  IC.  internal  capsule  (the  knee  or  elbow  of  which  is  shown  thus  *)  upward  into  the 
hemisphere  and  downward  through  the  pons  to  cross  the  meduUa  in  the  anterior  pyrsmids. 
(Qowers.) 


are  found  to  stretch  not  only  between  the  optic  thalamus  and  the  len- 
ticular nucleus,  but  also  more  anteriorly  between  the  former  and  the 
caudate  nucleus  of  the  corpus  striatum  which,  as  we  have  seen,  is  to  be 
seen  in  the  floor  of  the  lateral  ventricle.  The  fibres  of  the  pes  thus 
spread  out,  have  the  form  of  a  fan  bent  upon  itself  as  they  rise  to  pass 
into  the  cerebral  hemisphere.  This  constitutes  the  internal  capsule,  and 
that  portion  of  it  which  forms  the  angle  at  which  the  fibres  are  bent  is 
called  the  genu  of  the  capsule,  that  in  front  of  it  being  the  front,  and 
that  behind,  the  hind  limb.  The  fibres  constituting  the  internal  cap- 
sule are  distributed  to  different  districts  of  the  cerebral  cortex.  They 
^^  -^^e  up  of  fibres  not  only  constituting  the  pyramidal  system,  but 
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mlao  of  others  which  end  in  the  maaseB  of  gray  matter  in  the  potiB  or  cms 
itaelf ;  but  the  function  of  all  of  the  fibres  is  believed  to  be  to  carry  im- 
pulses downward  from  the  cerebrum  eitlier  to  the  spinal  cord  and  so  to 
the  cranial  nerves,  or  to  the  cerebellum. 

The  tegmentum  of  either  side,  on  the  other  band,  is  supposed  to  be 
coDoemed,  for  the  most  part  at  any  rate,  with  aiTerent  impulses.  It  is 
made  up  ta  a  very  considerable  extent  of  collections  of  gray  matter,  the 
moat  important  of  which  are  (a)  the  locus  or  ntichus  niger^  separating 
the  pes  and  tegmentum 'i  [h)  the  nucleus  ruber^  which  is  a  rounded  maai 
situated  more  toward  the  aiqnediict  of  Sylvius;  this  extends  from  the 
third  ventricle  to  the  anterior  corpus  quadrigeminum.  The  locus  niger 
extends  back  as  far  as  the  posterior  corpus  quadrigeminum.  (c)  A  third 
maas  of  gray  matter  is  situated  beneath  the  optic  thalamus,  and  is  the 
corpus  Muhthalamicum,  Posteriorly  the  tegmentum  is  made  up  chiefly 
of  the  reticular  material  so  often  spoken  of,  and  in  the  pons  consists 
almost  entirely  of  that  kind  of  structure^  but  with  the  two  additional 
miiff^w^  of  gray  matter  already  indicated,  viz.,  fhe  locus  co^ruleus  and 
aaperior  olive. 

It  will  be  as  well  here  to  indicate  briefly  the  other  collections  of  gray 
matter  in  the  neighborhood  of  the  crura,  viz.,  the  corpus  striata,  optic 
tba]ami,  corpora  quadrigemiua,  corpora  geniculata,  and  the  corpora 
dentata  of  the  ce rebel  him. 

Corpora  Striata. — The  corpora  striata  are  situated  in  front  and  to 
the  outside  of  tlie  optic  thai  ami,  partly  within  and  partly  without  the 
lateral  ventricle. 

Each  corpus  striatum  consists  of  two  parts:-—* 

(«.)  An  intraventricular  portion  {caudate  nucleus)  which  is  conical  in 
fJiape,  with  the  bu«e  of  the  cone  forward;  it  consists  of  gray  matter, 

Kith  white  substance  in  its  centre,  (b,)  An  extraventricular  portion 
eniirnlnr  nuchun)^  which  is  separated  from  the  other  portion  by  a  layer 
of  white  material,  which  forms  a  portion  of  the  internal  capsule, — the 
anterior  limh.  The  lenticular  nucleus  is  seen,  on  a  horizontal  section  of 
the  hemisphere,  to  consist  of  three  parts  (the  two  internal  called  globus 
fHiitidus^  major  and  mi  nor  ^  and  the  outer  called  i\i%  putamen)^  separated 
from  one  another  by  white  matter,  of  which  the  smallest  of  the  three  is 
inside.  Each  part  somewhat  resembles  a  wedge  in  shape*  The  upper 
Hitid  internal  surface  is  in  relation  with  the  caudate  nucleusi  being  sepa- 
^Tatetl  from  it  by  the  anterior  limb  of  the  internal  capsule.  The  remain- 
der of  the  internal  surface  is  in  relation  to  the  optic  thalamus,  being 
aeparated  from  it  by  the  posterior  tinib  of  the  internal  C4ipsale.  The 
horizontal  section  is  wider  in  the  centre  than  at  the  ends.  On  the  out- 
Bide  is  the  gray  lamina  (<*laustrum)  separated  by  a  thin  white  layer — 
sriernal  capmh — from  the  lenticular  nucleus. 
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The  cells  of  tie  corpora  striata  are  evenly  distributed,  and  not 
grouped  in  nuclei.  Their  neuraxons  pass,  for  the  most  part,  into  the 
internal  capsule.  The  corpora  striata  are  connected  with  the  oerebeUom 
through  these  fibres.  It  is  doubtful  if  these  ganglia  have  any  anatomical 
relations  with  the  cortex  of  the  brain. 

Optic  Thalami. — The  optic  thalami  are  oval  in  shape,  and  rest 
upon  the  inner  and  dorsal  surfaces  of  the  crura  cerebri.  The  upper  sur- 
face of  each  thalamus  is  free,  and  of  white  substance ;  it  projects  into 
the  lateral  ventricle.  The  posterior  surface  is  also  white.  The  inner 
sides  of  the  two  optic  thalami  form  the  outer  borders  of  the  third 
ventricle,  are  in  partial  contact,  and  are  composed  of  gray  material  on- 
covered  by  white  and  are,  as  a  rule,  connected  together  by  a  transvene 
portion. 

The  optic  thalamus  is  composed  of  several  collections  of  gray  matter, 
forming  somewhat  indistinctly  defined  masses  separated  by  white  fibres. 
These  masses  of  gray  matter  are  known  as  the  nuclei  of  the  Ihakmw, 
and  they  are  six  in  number.  They  are  called  the  anterior  tubercle,  the 
median  nucleus,  the  liReral  nucleus,  the  ventral  nucleus,  the  pulvinar, 
and  the  posterior  nucleus.  The  anterior  tubercle  is  composed  of  large 
nerve-cells  whose  neuraxons  pass  down  to  the  corpora  mammillaria  at  the 
base  of  the  brain.  There  they  meet  the  fibres  of  the  fornix  which  con- 
nect this  tubercle  of  the  thalamus  with  the  hippocampal  convolution. 
The  median  nucleus  is  connected  by  its  neuraxons  with  the  cortex  of  the 
Island  of  Eeil  and  the  second  and  third  convolutions.  The  lateral  nu- 
cleus is  quite  large  and  lies  against  the  internal  capsule,  into  which  it 
sends  fibres.  It  is  connected  with  the  central  convolutions.  The  ven- 
tral nucleus  lies  beneath  the  preceding;  it  is  small  in  size.  It  is  con- 
nected with  the  cortex  of  the  frontal  lobe  and  with  the  operculum,  the 
central  convolutions,  and  the  supramarginal  gyrus.  The  fifth  nuclens, 
known  as  the  pulvinary  forms  the  posterior  tip  of  the  thalamus,  and  is 
connected  with  the  optic  tract.  The  posterior  nucleus,  lying  just  below 
the  puhinar,  is  a  small  mass  and  is  connected  with  the  cortex  of  the  in- 
ferior parietal  convolution.  The  cells  of  the  optic  thalamus  are  thns 
seen  to  be  connected  with  a  large  area  of  the  cerebral  cortex.  They  are 
also  connected  with  the  sensory,  and  probably,  to  some  extent,  with  the 
motor  tracts  coming  from  below. 

Corpora  Quadrigemina. — There  are  two  on  each  side,  anterior 
and  posterior;  they  form  prominences  on  the  dorsal  surface  of  the  pons 
and  crura  above  the  aqueduct  of  Sylvius.  They  are  composed  of  alter- 
nate layers  of  white  and  gray  matter.  The  posterior  bodies  receive 
fibres  from  the  eighth  nerve  and  the  sensory  tract,  known  as  the 
flkt.  They  send  fibres  out  to  the  temporal  region  of  the  brain.  They 
are  closely  associated  with  the  lateral  corpora  geniculata.  The  anterior 
corpora  quadrigemina  are  connected  by  fibres  with  the  optic  nerve  and 
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a)eo  the  fillet,  and  send  fibres  to  the  occipital  cortex  of  the  brain*     They 
are  closely  associated  with  the  median  corpora  gen icu lata. 

Corpora  Genictitata. — Tliese  are  two  on  either  side,  lateral  or 
outer  and  median  or  inner;  tlie  former  is  developal  from  the  fore-brain, 
the  latter  from  the  mid-brain.  The  lateral  corpus  genicoiatern  is  at  the 
side  of  the  cms  and  appears  to  be  a  swelling  on  the  lateral  division  of 
the  optic  tract,  Similarly  the  median  appears  to  be  the  termination  of 
the  median  division  of  the  optic  tract.  Ihey  both  contain  gray  matter 
(fig.  SH3). 
L  Corpora  Dentata  are  plicated  areas  of  gray  matter  in  the  interior 
f^f  ttie  cerebellnnj,  not  jmlike  the  olivary  body  of  the  bulb.  The  fibres 
^in  each  pass  chiefly  to  the  superior  peduncle  of  its  own  side. 

The  Cerebrum. — For  convenience  of  descnption,  the  snrfaoe  of 
the  braiu  hajs  been  divided  into /re  hhe^  (Gratiolet), 
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1.  Froninl  (fig.  370),  limited  behind  by  the  fissnre  of  Rolando 
l(oe]itral  fiasure),  and  beneath  by  the  fissnre  of  Sylvius.  Its  aiirface  con- 
r4Qsts  of  three  main  convolutions,  which  are  approximately  horizontal  in 
direction,  and  are  broken  up  into  numerous  secondary  gyri.  They  are 
armed  the  superior,  middle,  and  inferior  frontal  convolutions.  In  ad- 
lition,  the  frontal  lobe  contains,  at  its  posterior  part,  a  convolution 
rhicb  runs  upward  almost  vertically  {mcending  frontal)^  and  is  bounded 
^in  front  by  a  fia^uro  termed  the  prfecentral,  behind  by  that  of  Rolando* 
2  ParieinL  This  lobe  is  bounded  in  front  by  the  fissure  of 
Rolando,  behind  by  the  external  perpendicular  fissure  ( par ie to-occipital), 
and  belovT by  the  fissure  of  Sylvius,  Behind  the  fissure  of  Rolando  is 
the  wic^ndiiig  parietal  convolution,  which  swells  out  at  its  upper  end 
into  what  is  termed  the  superior  parietal  lobule.     The  superior  parietal 

Cirated  from  the  inferior  parietal  lobule  by  the  intra-parietal 
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salcus.  The  inferior  parietal  lobule  (pli  courbe)  is  situated  at  the  pos- 
terior and  upper  end  of  the  fissure  of  Sylvius;  it  consists  of  (a)  an 
anterior  part  (supra-marginal  convolutum)  which  hooks  round  the  end 
of  the  fissure  of  Sylvius,  and  joins  the  superior  temporal  convolution, 
and  a  posterior  part  {h)  (angular  gyrus)  which  hooks  round  into  the 
middle  temporal  convolution. 

3.  Temporal  contains  three  well-marked  convolutions,  parallel  to 
each  other,  termed  the  superior,  middle,  and  inferior  temporal.  The 
superior  and  middle  are  separated  by  the  parallel  fissure. 

4.  Occipital.      This  lobe  lies  behind   the  external    perpendicnlar 


^^^Jl^z_ 


''^cipital'F^^' 


Fig.  871.— The  cerebrum,  from  above.    (After  Ebenttaller.) 

or  parieto-occipital  fissure,  and  contains  three  convolutions,  termed  the 
superior,  middle,  and  inferior  occipital.  They  are  often  not  well  marked. 
In  man,  the  external  parieto-occipital  fissure  is  only  to  be  distinguished 
as  a  notch  in  the  inner  edge  of  the  hemisphere;  below  this  it  is  quite 
obliterated  by  the  four  annectant  gyri  (plis  de  passage)  which  run  nearly 
horizontally.  The  upper  two  connect  the  parietal,  and  the  lower  two 
the  temporal  with  the  occipital  lobe. 

6.  Central  lobe,  or  island  of  Reil,  which  contains  a  number  of  radiat- 
ing convolutions  (gyri  operti). 

The  fig.  372  shows  the  following  gyri  and  sulci: — 

Oyrus  fornicatus,  a  long  curved  convolution,  parallel  to  and  curving 
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round  the  corpus  callosum,  and  swelling  out  at  its  hinder  and  upper  end 
into  the  quadrate  lobule  (prascuneus),  which  is  continuous  with  the 
superior  parietal  lobule  on  the  external  surface.  Marginal  convolution 
runs  parallel  to  the  preceding,  and  occupies  the  space  between  it  and 
the  edge  of  the  longitudinal  fissure.  The  two  convolutions  are  separated 
by  the  calloso-marginal  fissure.  The  internal  perpendicular  fissure  is  well 
marked,  and  runs  downward  to  its  junction  with  the  calcarine  fissure: 
the  wedge-shaped  mass  intervening  between  these  two  is  termed  the 
cuneus.  The  calcarine  fissure  corresponds  to  the  projection  into  the  pos- 
terior comu  of  the  lateral  ventricle,  termed  the  Hippocampus  minor. 
The  temporal  lobe  on  its  internal  aspect  is  seen  to  end  in  a  hook  (unci- 
nate gyrus).  The  notch  round  which  it  curves  is  continued  up  and 
back  as  the  dentate  or  hippocampal  sulcus:  this  fissure  underlies  the 


Fig  873.— Rifcht  hemisphere,  from  within.    (After  Eber»t&Uer.) 

projection  of  the  hippocampus  major  within  the  brain.  There  are  three 
internal  tetnporo-occipital  convolutions,  of  which  the  superior  and  infe- 
rior ones  are  usually  well  marked,  the  middle  one  generally  less  so. 

The  collateral  fissure  (corresponding  to  the  eminentia  collateralis) 
forms  the  lower  boundary  of  the  superior  temporo-occipital  convolution. 

All  the  above  details  will  be  found  indicated  in  the  diagrams  (figs. 
371,  372). 

Structure.— The  cerebrum  is  constructed  like  the  other  chief  di- 
visions of  the  cerebro-spinal  system,  of  gray  and  white  matter;  and,  as 
in  the  case  of  the  Cerebellum  (and  unlike  the  spinal  cord  and  medulla 
oblongata)  the  gray  matter  (cortex)  is  external,  and  forms  a  capsule  or 
covering  for  the  white  substance.  For  the  evident  purpose  of  increasing 
its  amount  without  undue  occupation  of  space,  the  gray  matter  is  vari- 
ously infolded  so  as  to  form  the  cerebral  convolutions. 
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The  cortical  grsLj  matter  of  the  cerebral  cortex  has  an  afenge 
thickness  of  about  ^  inch  (3  mm.),  being  thin  in  the  occipital  lobe,  ^ 
inch  (2  mm.),  and  thick  in  the  pre-central,  ^  inch  (4  mm.).  The  ceUi 
of  which  the  substance  is  composed  are  of  different  kinds:  (a)  The 
apical  process  is  very  long  and  reaches  up  often  nearly  to  the  sorface. 
It  gives  off  lateral  branches,  and  is  studded  along  its  course  with  little 
projections  called  gemmules.  This  process  is  a  protoplasmic  processor 
dendrite;  the  cell  has  other  dendrites  given  off  from  the  angles  of  the 
body  of  the  cell.  It  always  has  an  axis-cylinder  process  or  nenraxon 
which  passes  off  usually  from  about  the  middle  of  the  base.  There  are, 
besides  these  large  pyramidal  cells,  others  practically  of  the  same  shape 
and  structure  but  smaller.     They  are  the  small  pyramidal  cells. 

(b)  In  the  superficial  layer  of  the  cortex  there  is  a  peculiar  type  of 
cell,  first  described  by  Cajal.  Most  of  these  bodies  are  fusiform  in  shape, 
with  the  long  axis  parallel  to  the  surface  of  the  convolution.  They  give 
off  usually  two  neuraxons  which  run  along  parallel  to  the  surface  and 
send  down  numerous  fiue  collaterals  at  right  angles.  Another  form  of 
Cajal  cell,  triangular  or  quadrangular  in  shape,  is  also  seen.  Both 
forms  have,  as  a  rule,  more  than  one  neuraxon.  Their  collaterals  pas 
in  a  horizontal  direction,  forming  a  fine  band  of  fibres,  known  as  tan- 
gential fibres. 

(c)  A  third  type  of  cell  is  tho  fustfarm  or  polymorplious.  Some  of 
these  are  strictly  fusiform  in  shape  and  lie  with  their  axis  parallel  to  the 
surface  of  the  convolution.  They  give  off  protoplasmic  processes  which 
pass  dowij  toward  the  white  matter,  some  of  theni  turning  to  run  in  a 
horizontal  direction.  The  fusiform  and  polymorphous  cells  are  grouped 
in  the  same  layer,  and  are,  therefore,  described  together. 

(d)  Besides  these  cells  we  find  scattered  through  the  cortex  a  consid- 
erable number  of  the  neuroglia-cells.  The  character  and  position  of 
these  are  shown  in  fig.  373. 

The  general  arrangement  of  the  layers  of  the  cortex  is  described  very 
differently  by  different  authors,  and  it  differs  in  different  parts  of  the 
brain.     The  simplest  and  most  representative  type,  however  of  the  ar- 
rangement is  that  in  which  the  cortex  is  divided  into  four  layers.     The 
outermost,  or  superficial,  known  as  the  molecular  layer,  contains  rela- 
tively few  cells.     It  is  composed  of  neuroglia  tissue,  embedded  in  which 
are  a  number  of  cells  of  the  Cajal  type,  which  have  just  been  described. 
There  are  also  in  this  layer  many  neuroglia-cells.    In  the  superficial  part 
of  the  layer  of  some  areas  of  the  cortex  are  many  tangential  fibres.     The 
second  layer  is  composed  of  small  pyramidal  cells.    In  parts  of  the  brain 
there  are  here  interposed  what  are  known  as  the  vertical  fusiform  cells. 
The  third  layer  is  composed  of  large  pyramidal  cells,  in  which,  however, 
one  sees  many  small  pyramids  also.    The  fourth  layer  is  composed  of  the 
fusiform  and  polymorphous  cells,  and  beneath  this  is  the  vrhite  sub- 
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ttance.  This  arrangemoDt  is  shown  in  the  accompaDjing  figures  (373 
and  373a).  The  gray  matter  of  the  hrain  contains,  however,  not  only 
these  layers  and  cells,  hut  an  infinitely  rich  mass  of  fibres,  which  can  be 
shown  by  various  stains  to  have  a  certain  definite  arrangement.  Some 
of  the  fibres  are  vertical  in  direction,  passing  directly  up  to  the  most 
superficial  layers  of  cells;  others  have  a  horizontal  direction,  dividing 


Fig.  873.— The  principal  oonstituent  elements  of  the  gr&y  cortical  layer  of  the  anterior 
cerebrum.    (After  Ramon  y  Cajal.) 


the  gray  matter  into  different  layers.  These  layers  of  fibres  have  re- 
ceived different  names.  They  vary  somewhat  in  accordance  with  the 
area  of  the  cortex  examined.  A  typical  arrangement  is  shown  in  fig. 
374.     The  most  conspicuous  are  certain  large  triangular  or  pyramidal 


Fig,  m. 


FlfiT.  373a*— ScheniAtlc  diagrmm  of  the  dlffereol  Uvers  of  the  cerebral  oortejc.     CAf t^r  BAmoa] 
C&ialt  18SJ0.  >    Tbe  taiifrentlal  fibres.  Vieq  d'Axyr's  Hhbon,  BallJarK«*r's  IntertuiJ  ttml  external 
and  th«  whitfi  stihRtanf«  ar«?  Mt«lD«<l  rorl ;  Jf,  molecular  layer:  pFu^  Imyer  of  aoiaII  pynwnf  ^' 
4p/V,  layer  of  lar^M  pyrainiidal  wttn;  Fw,  layer  of  tMtlymorphoufi  cpIIk. 

Fljf.   374.— S4'heinjitk^    rliatn-Ani  ebowin^  th**  arraiijcwnf^t  of  the  nerve  fibrM  in  tbe 
cortex.    The  dotted  \m^*A  ($«>pi4rttr4^  ihv^  four  eelJiitar  latyer*  of  CaJoJ,    ^jb,  whit*  »ubBlAiice^ 
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oelU,  granular  or  fibrillated,  with  large  and  distinct  nuclei,  arranged 
with  their  apices  toward  the  surface. 

Chemical  Composition. — The  chemistry  of  nerves  and  nerve-cells  has 
been  chiefly  studied  in  the  brain  and  spinal  cord.  Nerve  matter  con- 
tains several  albuminous  and  fatty  bodies  (cerebrin,  lecithin,  and  some 
others),  also  fat  matter  which  can  be  extracted  by  ether  (including  cho- 
lesterin)  and  various  salts,  especially  Potassium  and  Magnesium  phos- 
phates, which  exist  in  larger  quantity  than  those  of  Sodium  and  Calcium. 

Arrangement  of  the  parts  of  the  cerebrum, — The  great  relative  and 
absolute  size  of  the  Cerebral  hemispheres  in  the  adult  man,  masks  to  a 


Fig.  876.— Diagrammatic  horizontal  section  of  a  vertebrate  brain.  The  flurures  aenre  both 
for  this  and  the  next  diagram.  Ub^  mid-brain:  what  lies  in  front  of  this  is  the  fore-,  and  what 
lies  behind,  the  hind-brain;  lA^  lamina  terminalis;   Of/,  olfactory  lobes:    Hmp^  hemispheres; 


corpus  striatum;  TK,  optic  thalamus;  CC^  crura  cerebri:  tbe  mass  lying  above  the  canal  rep- 
resents the  corpora  quadrigemina;  C6,  cerebellum;  /— /X,  the  nine  pairs  of  cranial  nerves;  1, 
olfactory  ventricle ;  8,  lateral  ventricle;  8,  third  ventricle;  4,  fourth  ventricle;  +,  iter  a  tertio 
ad  quartum  ventjiculum.    CHuxley.) 


great  extent  the  real  arrangement  of  the  several  parts  of  the  brain,  which 
is  illustrated  in  the  two  accompanying  diagrams  (figs.  374,  376). 

From  these  it  is  apparent  that  the  parts  of  the  brain  are  disposed  in 
a  linear  series,  as  follows  (from  before  backward):  olfactory  lobes,  cere- 
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bral  hemispheres,  optic  thalami,  and  third  ventricle,  corpora  qiuulri- 
gemina,  or  optic  lobes,  cerebellum, medulla  oblongata. 

This  linear  arrangement  of  parts  actually  occurs  in  the  human  foBtna; 
and  it  is  permanent  in  some  of  the  lower  Yertebrata,  e,g.^  Fishes,  in 
which  the  cerebral  hemispheres  are  represented  by  a  pair  of  ging^ 
intervening  between  the  olfactory  and  the  optic  lobes,  and  considenddj 
smaller  than  the  latter.  In  Amphibia  the  cerebral  lobes  are  fnrtha 
developed,  and  are  larger  than  any  of  the  other  ganglia. 

In  reptiles  and  birds  the  cerebral  ganglia  attain  a  still  further  devel- 
opment, and  in  mammalia  the  cerebral  hemispheres  exceed  in  weight 
all  the  rest  of  the  brain.  As  we  ascend  the  scale,  the  relative  size  of  the 
cerebrum  increases,  till  in  the  higher  apes  and  man  the  hemisphereg, 
which  commenced  as  two  little  lateral  buds  from  the  anterior  oerebnl 
vesicle,  have  grown  upward  and  backward,  completely  covering  in  and 
hiding  from  view  all  the  rest  of  the  brain.     At  the  same  time  the  smooth 


Fiff.  876.— Longitudinal  and  vertical  diagrammatic  section  of  a  TerCebrata  brain.  Letten 
as  before.  Lamina  terminal  is  is  repreeenfed  by  the  strong  black  line  joining  Pn,  sod  ?h. 
(Huxley.) 

surface  of  the  brain,  in  many  lower  mammalia,  such  as  the  rabbit,  is 
replaced  by  the  labyrinth  of  convolutions  of  the  human  brain. 

Weight  of  the  Brain. — The  brain  of  an  adult  man  weighs  from  48  to  50  oz.— 
or  about  3  lbs.  (about  1550  grms.) .  It  exceeds  in  absolute  weight  that  of  all  the 
lower  animals  except  the  elephant  and  whale.  Its  weight,  relatively  to  that  cf 
the  body,  is  only  exceeded  by  that  of  a  few  small  birds,  and  some  of  tiw 
smaller  monkeys.     In  the  adult  man  it  ranges  from  ^ — ^  of  the  bodj  weight 

Variations.  Age. — In  a  new-bom  child  the  brain  (weighing  10  to  14  os.)  it 
^  of  the  body  weight.  At  the  age  of  7  years  the  weight  of  the  brain  already 
averages  40  oz.,  and  about  14  years  the  brain  not  infrequently  reaches  the 
weight  of  48  oz.  Beyond  the  age  of  forty  years  the  weight  slowly  but  stmdilj 
declines  at  the  rate  of  about  1  oz.  in  10  years. 

Sex. — The  average  weight  of  the  female  brain  is  less  than  the  male :  and  this 
difference  persists  from  birth  throughout  life.  In  the  adult  it  amounts  to 
about  5  oz.     Tlius  the  average  weight  of  an  adult  woman's  brain  is  about  44 oc 

Intelligence. — The  brains  of  idiots  are  generally  much  below  the  avenge, 
some  weighing  less  than  16  oz.  Still  the  facts  at  present  collected  do  not  war- 
rant more  than  a  very  general  statement,  to  which  there  are  munerous  excep- 
'  ins,   that  the  brain  weigVit  coTToav^iv^  \x>  «iotqai  ^-x^besot  ^Hth  the  decree  of 

Uigenc«.     There  can  W  V\tt\e  AoxjXA  ^^^B^.  V>cv^  cwaT^eawl*)!  ^aaa^  ^je^^y^  ^  ^^stt. 


THE   XEHVOUB   SYSTEM* 


eos 


avolutioiiB,  which  indicate  the  area  of  the  gray  matter  of  the  cortex,  coire* 
[id  with  the  degree  of  loteJligence. 

Weight  of  the  Spinal  Cord.  — Hie  apinal  cord  of  man  weighs  from  t— IJ  oz.  ; 

weight  relatively  to  the  brain   is  ahout  1 :  36.     As  we  descend  the  soale, 

lis  ratio  constantly  increaBes  till   in  the  mouse   it   is    1:4.     In  cold-hlooded 

limaJs   the  relation  is   reversed,  the  s|Hnal  cord   is  the  heiivier  and  the  mor© 

aportiint  organ.     In  the  newt,  3:1;    and  in  the  lamprey,  75:  L 

I      Distinctive  Characters  of  the  Hummn  Brain.— The  following  characters  dis- 

linguish   the  brain  of  man  and  apea  from  those  of  all  other  aninuih.      (a,)  The 

"rudimentary  condition  of  the  olfactory  lobeu-      (b.)  A  perfectly  defined   fiEtsure 

of  Sylvius,      (r. )  A  ptisterior  lobe  completely  covering  the  cerebellum,      (d.) 

tie  presence  of  ptKsterior  comua  in  the  lateral  ventricles. 

The   moet  dhtinctive  pointn  in  the  human  brain,  as  contrasted  with  that  of 

are:-'(U)  The  much  greater  size  and  weight  of  the  whole  brain.     The 

of  a  full-grown  gorilla  weighs  only  about  15  oz.   (450  grma.),  which   is 

I  than  \  the  weight  of  the  human  adult  male  brain,  and  barely  exceeds  that 

the   human  infant  at  birth.     (2.)  The  much  greater  complexity  of  the  con- 

Ljiutions,  especially  the  existence  in  tlie  human  brain  of  tertiary  convolutions 
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Tig.  877*— Brain  of  the  Ortmg,  ^h^DAtiiral  aiz#,  showing  tht*  atranj^em^at  of  the  coiiToltitlons, 
ftemire  of  Sylvitjft,-  /?   flgmipe  wf  Rcilanrlo;  EI\  exti^mal  ixTpeodiculiir  (lastire;  (M/,  olfictory 

<e;  C6,  cereDellum ;    JFT,   poos    Varolii:   M  CK  medullii  mblonjc&tA.      Aa  cootraatM  with  the 

human  br»iiL,  the  rroutal  l{>6e  is  short  eiiicl  fttuall  reliwtlvely.  the  fissupe  of  BylTiua  is  oblitiue, 
the  temporo-sphenciidal  lobo  very  promin^-Dt,  und  the  vxterDJil  perpeikticul&r  flisstire  very  well 
m&rked.    CQratlol«3t. ) 

in  the  sides  of  the  fisi^uree.  (3.)  Tlie  greater  relative  size  and  complexity,  and 
the  blunted  quadrang^ular  contour  of  the  frontal  lobes  in  man,  which  are 
relatively  both^brfjader.  longer,  and  higher,  than  in  apes.  In  apes  the  frontal 
lobes  prtiject  keel  like  (r*i«itrum)  between  the  olfactorj^  bultjs.  (4.)  Tlie  much 
greater  prominence  of  the  tempon:»-Hphenoidal  lobea  in  apet*,  (5.)  The  fisBure 
of  8ylviu8  is  nearly  horizontal  in  man»  while  iu  apes  it  slants  considerably  up- 
ward. (6.)  Tlie  diBtinctnesa  of  the  external  i)erppndicular  fissure,  which  in 
apes  18  a  well-defined  almost  vertical  '^slash/^  while  in  man  it  is  almoet 
obscured  by  tlie  annectent  gyri. 

Most  of  the  above  points  are  shown  in  the  accompanying  figure  of  the  brain 
of  the  Orang. 
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Ffgfl.  37B  and  S79.— Braiti  of  dop,  irltrwed  from  above  and  io  proflle. 

tiiii«s8  termed  crucial  sulcus^  correspond  in  j?   to  th«»  fissure  of  Rolaodo  io  man.      

SylTiui^  around  which  the  four  h>ti|K'ituEliiia)  «xmvn1utJoaH  nre  cottoeiitricailj  anrntixed;  L,  i 
or  beOHJ  wn  the  ut^ek,  in  the  rafvliau  line;  2.  flexion  of  hi*ad  on  the  neck,  with   rotatioii  t 
the  aide  of  the  «iitiiiiiilus;  3,  4,  Hexioii  urid  extt^nflion  of  anterior  liinh;  5,  &»  flexion  aad  gui. 
of  poalerior  liinb;  7,  8«  9^   c^ntractioa  of  orhicularijs  octih,  and  the  facial  mufldea  ia  geaanL 
The  unshaded  port  Is  that  e]tpc«ed  by  opening  the  tdcul]      <  Dalton.) 

gions  of  the  cerebral  cortex  the  stimulation  of  which  produces  definitifl 
movementa  of  co-ordinated  groups  of  muscle  of  the  opposite  side  of  " 
the  body.     Fritech  and  llitzig  were  the  first  to  show  that  the  oere- 
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bral  cortex  responded  to  electric  irritation.  They  employed  a  weak  con- 
ilttit  current  in  their  experinientB^  applying  a  pair  of  fine  electrodes  not 
iDOre  than  ^j  in,  apart  to  different  parts  of  the  cerebral  cortex.  The 
i^esttlts  thus  obtained  have  been  confirmed  and  extended  by  Ferrier  and 
ti\mx  others,  chiefly  with  induction  correnta. 

The  fundamental  phenomena  observed  in  all  these  cases  may  be  thus 
epitomized : — 

(1),  Excitation  of  the  same  spot  is  always  followed  by  the  same 
ZDovement  in  the  same  animal,  {"l).  The  area  of  excitability  for  any 
giren  moTement  is  extremely  small,  and  admits  of  very  accurate  defini* 
tion.  (3).  In  different  animals  excitatians  of  anatomically  corresponding 
spots  produce  similar  or  corresponding  results. 

The  Tarious  definite  movements  resulting  from  the  electric  stimulation 
of  circuniscribed  areas  of  the  cerebral  cortex,  are  enumerated  in  the  de- 
scription of  the  accompanying  figures  of  the  dog  and  monkey *s  brain. 

In  the  case  of  the  dog,  the  results  obtained  are  summed  up  as  fol- 
lows, by  Hitzig: — 

(a,)  One  portion  (anterior)  of  the  convexity  of  the  cerebrum  is 
motor;  another  portion  (posterior)  is  non-motor,  (b,)  Electric  stimu- 
lation of  the  motor  portion  produces  co-ordinated  muscular  contraction 
on  the  opposite  side  of  the  body,  (r, )  With  very  weak  currents,  the 
contractions  produced  are  distinctly  limited  to  particular  groups  of 
mascles;  with  stronger  currents  the  stimulus  is  communicated  to  other 
muscles  of  the  same  or  neighboring  parts.  (*/.)  The  portions  of  the 
brain  intervening  between  these  motor  centres  are  inexci table  by  similar 
meftns. 

iMoioruii  area  of  the  Monkey'' 8  Brain* — According  to  the  observations 
i  Ferrier,  confirmed  and  extended  by  later  experimenters,  stimulation 
if  Tarious  parts  of  the  monkey's  brain,  as  indicated  by  the  numbers  in 
Igs.  380,  381,  produces  movements  of  definite  muscles,  thus: — 
Stimulation  of  the  district  marked  1,  causes  movement  of  hind 
6ot:  of  2,  chiefly  adduction  of  the  foot;  of  3,  movements  of  hind  foot 
and  tail ;  of  4,  of  latissimus  dorsi ;  of  5,  extension  forward  of  arm ;  a, 
I,  r,  rf,  movements  of  hand  and  wrist;  of  6,  supination  and  flexion  of 
forearm;  of  7,  elevation  of  the  upper  lip;  of  8,  conjoint  action  of  eleva- 

Itiou  of  upper  lip  and  depression  of  lower;  of  D,  o|)ening  of  mouth  and 
irotnision  of  tongue;  of  10,  retraction  of  tongue;  of  11,  action  of 
Natysroa;  of  12,  elevation  of  eyebrows  and  eyelids,  dilatation  of  pupils, 
■Dd  turning  head  to  opposite  side;  of  13,  eyes  directed  to  opposite  side 
pud  upward,  with  usually  contraction  of  the  pupils;  of  13',  similar 
iction,  but  eyes  usually  directed  downward;  of  14,  retraction  of  oppo- 
site  ear,  head  turns  to  the  opposite  side,  the  eyes  widely  opened,  and 
ptls  dilated;  of  15,  stimulation  of  this  region,  which  eorreeponda  to 
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the  tip  of  the  uncinate  convolution^  causes  torsion  of  the  lip  and  nostril 
of  the  same  side. 

It  is  thus  seen  that  the  motor  areas  chiefly  correspond  with  th« 
ascending  frontal  and  ^iscending  parietal  convolutions^  and  that  the 
movements  of  the  leg  are  represented  at  the  upper  part  of  these  cm- 
volutions,  then  follow  from  above  downward  the  centres  for  the  arCDs^ 
the  face>  the  lips,  and  the  teniae. 

According  to  the  further  researches  of  Schaferand  Horelej^  electriol 
stimulation  of  the  marginal  convolution  internally  at  the  parts  omt- 
sponding  with  the  ^bscending   frontal  and  parietal   convolutions,  from 


^^o^^ 


Fig.  880.  Flit.  aSJ. 

FigK.  aSO  and  3Hl.—DiagnuBA  of  niookey'g  brmln  to  tihow  the  eifecU  of  electric  stlmulatioa  of  c^ 
tain  apotik    (According^  to  FViiTfer) 

t^efore  backward,  produces  movements  of  the  arm,  of  the  trunk,  aad 
of  the  leg:. 

A  good  deal  of  doubt  was  tlirown  upon  the  experiments  of  Ferriet 
by  Goltz  and  other  abservere,  from  the  results  of  excising  the  so-calkd 
motor  areas  of  the  dog's  brain.  It  was  found  that  the  part  might  be 
sliced  away  or  wiiahed  away  with  a  streiiro  of  water,  but  that  no  permft- 
nent  paralysis  ensued, 

More  extensive  observations  however^  have  confirmed  Ferrier's  originid 
statement,  at  any  rate  with  regard  to  the  monkey's  brain.  Destruction 
of  the  motor  areas  for  the  arm  produces  at  any  rate  some  permanent 
paralysis  of  the  arm  of  the  opposite  side,  and  similarly  of  that  for  the 
leg,  paralysis  of  the  opposite  leg.  If  both  areas  are  destroyed  permanent 
hemiplegia  ensues.     Paralysis  of  so  extensive  and  permanent  character 
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loee  not,  however^  appear  the  rule  when  the  brain  of  a  dog  is  iiaed 
stead  of  that  of  the  monkey.     It  is  Buggeeted  that  in  the  animal  lower 
the  Bcaie,  the  functions  which  in  the  monkey  are  discharged  by  the 
[)rtical  centres  may  be  aiib&erved  by  the  basal  ganglia, 

Moiorial  Areas  of  the  Iluituui  Brain, — It  i^  naturally  of  great  impor- 

aoe  to  discover  how  far  the  result  of  experiments  upon  the  dog  and 

ioiikey  hold  good  with  regard  to  the  human  brain.     Evidence  furnished 

diBeased  conditions  ia  not  wanting  to  support  the  general  idea  of  the 

Bnoe  of  cortical  motor lal  centro&i  in  the  human  brain  (fig*  382). 
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Fig.  Jm  -The  Cortical  Ceutrea.     (Daiuu) 

So  far,  however,  it  has  been  possible  to  localise  motor  functions  in 
the  frontal  and  ascending  parietal  convokitions  onh%  to  the  convohitiona 
which  bound  the  fissure  of  Uulando,  and  U\  tlioeo  on  the  inner  side  of 
the  hemiapberea  which  correspond  there tij,  and  possibly  to  the  frontal 
lobe  in  front  of  the  ancending  convolution. 

The  position  of  the  centres  is  probably  much  the  same  as  in  the  mon- 
key's brain — those  for  the  leg  above,  those  for  the  arm,  face^  lips,  and 
tongue  from  above  downward.  Destruction  of  these  parts  causes  pa- 
ralysis, corresponding  to  the  district  affected,  and  irritation  causes  con- 
vulsions of  the  muscles  of  the  same  part.  Again,  a  numl>er  of  cases 
are  on  record  in  which  aphmia,,  or  the  loss  of  power  of  expressing  ideas 
in  words,  baa  been  associated  with  disease  of  the  posterior  part  of  the 
lower  or  third  frontal  convolution  on  the  left  aide.  This  condition  is 
nsnally  associated  with  paralysis  of  the  right  aide  (right^emiplegia). 

This  district  of  the  brain  is  now  generally  known  as  the  motor  area; 
and  there  aeems  no  doubt  whatever  that  from  this  area  pass  the  nerve- 
40 
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fibres  which  proceed  to  the  spinal  cord,  and  are  there  represented  u 
the  pyramidal  tracts. 

This  is  the  reason,  no  doubt,  that  moyements  are  prodaced  on  stima- 
lation  of  the  white  matter  after  the  superficial  gray  matter  of  the 
animal's  brain  has  been  sliced  off. 

Motor  tracts  in  the  brain. — These  motor  fibres  are  connected  with  the 
pyramidal  cells  of  the  cortex,  and  are  indeed  their  continuations. 

It  will  be  necessary,  therefore,  to  trace  them  from  the  cortex  down- 
ward.    Prom  the  motor  area  of  the  cortex  they  converge  to  the  iniir- 


Fig.  888. —Diagram  to  show  the  connecting  of  the  Frontal  Occipital  Lobes  with  the  Qen- 
helium,  etc.  The  dotted  lines  passing  in  the  crusta  (toc),  outside  the  motor  fibrea,  iDdicste  tltt 
connection  between  the  temporo-occipital  lobe  and  the  cerebellum,  r.  c. ,  the  fronto-cerebeUar 
fibres,  which  pass  internal fy  to  the  motor  tract  in  the  crusta;  i.r. ,  fibres  fnom  the  csodate 
nucleus  to  the  pons,  fr.,  frontal  lobe;  Oc.,  occipital  lobe;  af.,  ascendinjir  frontal;  ap.,  aaeeid 
ing  parietal  convolutions;  pcf.,  precentral  fissure  in  front  of  the  ascendingf  froi^al  eooTolatioB; 
FR. ,  fissure  of  Rolando ;  ipf.  ,  interparietal  fissure,  a  section  of  cms  is  lettered  on  the  left  fidei 
SN.,  substantia  nigra;  pt.,  pyramidal  motor  fibre,  which  on  the  right  is  shown  as  contimioa 
lines  converging  to  pass  through  the  posterior  limb  of  ic.  internal  capsule  (the  knee  or  elbov 
of  which  is  shown  thus  *)  upward  into  the  hemisphere  and  downward  through  the  pons  to  cnai 
at  the  medulla  in  the  anterior  pyramids.     (Qowers.) 

nal  capsules,  and  pass  down  to  the  crusta  of  the  crus  in  the  way  already 
indicated. 

In  the  internal  capsule  the  fibres  which  pass  onward  and  downward 
to  the  pyramidal  tracts  of  the  spinal  cord  do  not  occupy  more  than  a 
small  section,  namely,  that  part  known  as  the  knee,  and  the  anterior 
two- thirds  of  the  posterior  segment  (fig.  384).  In  this  district  the 
fibres  for  the  face,  arm,  and  leg,  are  in  this  relation:  those  for  the  face 
and  tongue  are  just  at  the  knee,  and  below  or  behind  them  come  first 
the  fibres  for  the  arm  and  then  those  for  the  leg. 

The  more  accurate  arrangement  of  these  fibres  in  the  monkey's  brain 
from  above  down  are  those  for  the  eye,  head,  tongue,  month,  shoulder, 
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elbow,  digits,  abdomen,  lip,  knee,  digits.  These  fibres  come  for  the 
most  part  from  the  part  of  the  cortex  on  either  side  of  the  fissure  of 
Bolando,  hence  called  the  Rolandic  area  on  either  side.     But  the  areas 


Fift.  881— Diagram  to  show  the  relative  poeitions  of  the  leTeral  motor  tracts  in  their  coiuae 
im  uie  cortex  to  the  cms.  The  section  through  the  convolution  is  vertical ;  that  through  the 
Internal  capsule,  I,  C,  horizontal;  that  through  the  cms  again  vertical.  C,  N.  caudate  nucleus; 
O,  TH,  optic  thalamus;  LS  and  L8.  middle  and  outer  part  of  lenticular  nucleus;  /,  a,  I,  face, 
arm,  and  leg  fibres.   The  words  in  italic  indicate  corresponding  cortical  centres.    (Gowers.) 

for  the  liead  and  eyes  lie  more  anterior  in  the  frontal  lobe,  to  the  front 
of  the  precentral  sulcus,  that  for  the  head  above  that  for  the  eyes,  and 
an  area  for  the  trunk  (not  indicated  in  the  fig.  383),  is  situated  more 
toward  the  middle  line  of  the  hemisphere,  internal  to  that  for  the  leg. 

But  there  are  other  fibres  which  are  arranged  in  front  of  the 
pyramidal  fibres  in  the  front  limb  of  the  capsule,  as  well  as  others  behind 
them  in  the  hind  limb  of  the  capsule.  Those  in  front  are  from  the 
anterior  part  of  the  frontal  lobe,  and  these  in  passing  into  the  cms  are 
found  on  the  median  side  of  the  pyramidal  fibres  (fig.  383).  They 
appear  to  end  in  the  gray  matter  of  the  pons,  and  there  to  be  connected 
with  fibres  from  the  middle  peduncle  of  the  opposite  side  of  the  cere- 
bellum. Those  behind  the  pyramidal  fibres  in  the  hind  limb  of  the  cap- 
sule are  from  the  temporal-occipital  lobe.  These  fibres  pass  into  the  cms 
to  the  outer  side  of  the  pyramidal  fibres  (fig.  383),  they  probably  also 
end  in  the  gray  matter  in  the  same  way.  There  are  other  fibres  from  the 
corpus  striatum,  from  both  nuclei,  but  particularly  from  the  caudate 
nucleus,  which  pass  to  the  cms,  and  are  situated  between  the  pyramidal 
tract  and  the  locus  niger  {%g.  383),  some  of  which  terminate  in  that 
nucleus,  while  others  terminate  in  the  pons.  Besides  the  above  fibres, 
all  of  which  are  believed  to  be  efferent  fibres,  and  are  at  any  rate  fibres 
of  descending  degeneration,  there  are  fibres  which  pass  from  the  cortex 
to  the  optic  thalamus  and  tegmentum,  fibres  of  ascending  degeneration 
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fonnd  in  the  internal  capsule,  viz.,  those  from  the  frontal  lobec  9n 
situated  at  the  extreme  tip  of  the  front  limb,  in  front  of  the  motor  fibres 
from  the  same  district,  and  others  from  the  temporal-occipital  district 
converge  to  the  posterior  part  of  the  hind  limb.  Those  passing  between 
the  occipital  lobe  and  the  optic  thalamus  are  believed  to  be  concerned 
with  vision,  and  are  ciilled  fibres  of  the  optic  radiation. 

It  may  be  as  well  to  mention  here  that  some  other  fibres  from  Hit 
temporo-occipital  lobe  pass  into  the  optic  thalamus,  without  formijig  a 
part  of  the  internal  capeiile. 

The  optic  thalamus  then  receives  fibres  from  nearly  all  parts  of  the 
cerebral  cortex,  some  of  which  are  not  found  in  the  internal  caprale. 
The  tegmentum,  the  afferent  or  sensory  tract  of  the  cms  to  a  great  ex- 
tent ends  in  the  optic  thalamus,  and  is,  therefore,  connected  through  it 
with  nearly  all  parte  of  the  cortex,  indirectly.  It  is  also  more  directly 
connected  with  cortex  (a)  by  fibres  of  the  optic  radiation  which  do  not 
go  to  the  optic  thdamns,  (b)  by  fibres  from  the  frontal  and  parietal 
lobes,  which  pass  through  the  lenticular  nucleus,  and  (c)  by  fibres  from 
both  the  lenticular  and  caudate  nuclei  of  the  corpus  striatnm,  ■ 

Jn  the  tegmentum  the  longitudinal  fibrea  maybe  thns  enumerated:—" 

{a.)  Tiiejilki^  which  consists  of  fibres  from  the  sensory  decuisation  of 
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Fif^.  88K.— Verfelciil  section  through  the  cerebrum  aad  basic  gmnrllA  lo  show  tlie  relAtiont  of 
the  Ifttter,  oo,  cM^rebrftl  eonvolutiomi;  cr,  comu»  callcitHim;  ^.7.,  lateral  veotrtcle;  /,  formlx; 
v///.,  third  ventrlele:  »t.t\,  caudate  nucleus;  i\  optic  thalamus;  n.l.^  lenticular  nucleus;  e.i , 
internal  capsule;  rJ.,  clauatnjm;  c.e.,  external  ciip«iile:  m,  corptsa  inammillane:  r.o.,  opde 
tract;  9.t,t.^  stria  tenninaliB;  n.a.,  numetia  ajuygdaffl^;  crm,  soft  cofnmissiire.     CSchwalbe.) 

the  bulb,  which  becomes  longitndinal  in  the  inter-olivary  region,  and  in 
its  course  upward,  from  masses  of  gi'ay  matter,  such  as  the  anperior 
olive;  it  divides  into  two  bundles,  (i,)  Z#/«rt7l,  ends  in  gray  matter 
of  posterior  corpus  quadrigeminum  and  in  white  matter  beneath  the 
terior,  and  (ii.)  median^  ends  in  anterior  corpus  quadrigeminum  and 
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in  the  corpas  subthalamicum,  thence  to  the  optic  thalamus  and  the  cere- 
bral cortex. 

(b,)  Posterior  longitudinal  bundles. — A  bundle  of  fibres  which  appear 
to  begin  the  bulb  as  certain  fibres  of  the  anterior  column  of  the  cord, 
which  are  the  short  longitudinal  commissures  between  segments  of  the 
cord.  It  is  traceable  upward  as  far  as  the  nucleus  of  the  third  nerve. 
It  is  supposed  to  connect  the  nuclei  of  the  fourth  and  sixth  nerves  with 
the  third,  and  with  the  anterior  corpus  quadrigeminum. 

(c)  Superior  peduncle  of  the  cerebellum. — This  arises  on  either  side 
from  the  superficial  gray  matter,  but  chiefly  from  the  corpus  dentatum, 
and  passes  forward  outward  beneath  the  posterior  corpus  quadrigeminum, 
and  beneath  it  and  the  anterior  corpus  quadrigeminum  decussates  with 
its  fellow ;  the  fibres  then  pass  forward  in  the  anterior  district  of  the 
tegmentum  and  end  in  the  red  nucleus. 

(rf.)  Fibres  from  the  corpora  quadrigemina. — From  each  corpus  quad- 
rigeminum passes  forward  and  downward  a  tract  called  the  brachium. 
The  anterior  brachium  goes  to  the  lateral  corpus  geniculatum,  and  then 
to  the  optic  tract,  other  fibres  pass  into  the  tegmentum,  and  thence 
directly  to  the  occipital  cortex.  The  posterior  brachium  goes  to  the 
median  corpus  geniculatum,  thence  to  the  tegmentum,  and  through  it 
possibly  to  the  temporal  region  of  the  cerebral  cortex. 

Commissural  fibres, — In  addition  to  the  fibres  of  the  corpus  callosum, 
which  connect  all  parts  of  the  hemispheres,  and  fornix,  there  are  three 
other  commissures,  the  anterior  white  commissure,  and  the  posterior 
white  commissure  in  the  third  ventricle  connect  by  white  fibres  the  two 
sides  of  the  brain.  The  fibres  in  the  anterior  come  from  the  temporo- 
sphenoidal  convolution  chiefly,  but  a  few  are  part  of  the  olfactory  tract. 
The  posterior  connects  the  optic  thalami  and  tegmenta.  The  middle 
is  chiefly  composed  of  gray  matter,  but  also  contains  some  transverse 
fibres. 

Functions  of  the  Cerebrum. 

Speakiog  in  the  most  general  way,  and  for  the  present  omitting 
the  accumulating  evidence  in  favor  of  the  direct  representation  of  the 
various  co-ordinated  movements  of  the  muscles  of  the  body  in  ganglia 
situated  in  different  parts  of  the  cerebral  cortex,  it  may  be  said  that: — 
(1.)  The  cerebral  hemispheres  are  the  organs  by  which  are  perceived 
those  clear  and  more  impressive  sensations  which  can  be  retained,  and 
regarding  which  we  can  judge.  (2.)  The  cerebrum  is  the  organ  of  the 
will,  in  so  far  at  least  as  each  act  of  the  will  requires  a  deliberate,  how- 
ever quick  determination.  (3.)  It  is  the  means  of  retaining  impressions 
of  sensible  things,  and  reproducing  them  in  subjective  sensations  and 
ideas.     (4. )  It  is  the  medium  of  all  the  higher  emotions  and  feelings,  and 
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of  the  faculties  of  judgment,  tinderstanding,  memory,  refiectioo,  indue, 
tion,  imagination  and  the  like. 

Evidenoe  regarding  the  physiology  of  the  cerebral  hemisphere*,  hi« 
been  obtained,  as  in  the  case  of  other  parts  of  the  nervoas  systeoLi  from 
tlie  study  of  Comparative  Anatomy,  from  Pathology,  and  from  Ezperi- 
ments  on  the  lower  animals.  The  chief  evidences  regarding  the  fuDc- 
tions  of  the  cerebral  hemispheres  derived  from  these  Tarious  sources,  ire 
briefly  these:—!.  Any  severe  injury  of  them,  such  as  a  general  ooiictts> 
sion,  or  sudden  pressure  by  apoplexy,  may  instantly  deprive  a  man  of  all 
power  of  manifesting  externally  any  mental  faculty.  2.  In  the  same 
general  proportion  as  the  higiier  mental  faculties  are  developed  in  the 
Vertebrate  animals,  and  in  man  at  different  ag^  and  in  different  indi- 
viduals, the  more  is  the  size  of  the  cerebral  hemispheres  developed  i] 
comparison  with  the  rest  of  the  eerebro-spinal  system.  3<  No  other  part; 
of  the  nervous  system  bears  a  corresponding  proportion  to  the  develop 
ment  of  the  mental  faculties.  4»  Congenital  and  other  morbid  def< 
of  the  cerebral  hemisphere  are,  in  general,  accompanied  by  correspood' 
ing  deficiency  in  the  range  or  power  of  the  intellectual  facnltiesand  the 
higher  instincts,  5.  Removal  of  the  cerebral  hemispheres  in  one  of  the 
lower  aninials  produces  effects  corresponding  with  what  might  be  antici* 
pated  from  tlie  foregoing  fact«. 

*  Effects  of  the  Rmmval  of  the  Cerebrtim,  —Tlie  removal  of  the  cere- 
brum in  the  lower  animals  appears  to  reduce  them  to  the  condition  of  i 
mechanism  without  spontaneity. 

In  the  cjiee  of  the  frog,  when  the  cerebral  lobes  have  been  removed,' 
the  animal  appears  similarly  deprived  of  all  power  of  spontaneous  mofe- 
ment  But  it  sits  up  in  a  natural  attitude,  breathing  quietly;  when 
pricked  it  jumps  away;  when  thrown  into  the  water  it  swims;  when 
placcHl  upon  the  palm  of  the  hand  it  remains  motionless,  although,  if! 
the  hand  be  gradually  tilted  over  till  the  frog  is  on  the  point  of  losing 
his  balance,  he  will  crawl  up  till  he  regains  his  equilibrium,  and  comes 
to  bo  perched  quite  on  the  edge  of  the  hand.  This  condition  contnifita 
with  that  resulting  from  the  removal  of  the  entire  brain,  leaTingonh 
the  spinal  cord;  in  this  case  only  the  simpler  reflex  actions  can  take 
place.  The  frog  does  not  breathe,  he  lies  flat  on  the  table  instead  of 
sitting  up;  when  thrown  into  a  vessel  of  water  be  sinks  to  the  bottom; 
when  his  legs  are  pinched  he  kicks  out,  but  does  not  leap  away. 

A  pi^fetm  from  which  the  cerebrum  has  been  removed  will  rem&ia 
motionless  and  apparently  unconscious  nnless  disturbed.  When  di« 
turbed  in  any  way  it  soon  recovers  its  former  position;  when  thrown' 
itito  the  air  it  flies. 

In  mammals  it  is  difficult  to  remove  the  cerebral  hemispheres,  bui  in 
those  animals  in  which  the  operation  has  been  carried  out,  as  for  example 
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'  In  the  mbbit  and  rat,  a  result  very  similar  to  those  observed  in  the  case  of 
J       the  frog  and  pigeon  has  been  obtiiined.    The  animal  is  able  tu  maintain  its 
^kquilibriam,  to  ran  or  jump,  and  in  fact  carry  out  all  the  moet  conipli- 
^■Mited  co-ordinated  movements,  but  it  is  unable  to  originate  them  without 
^PriimtilatioD,     In  the  ea^e  of  the  dog,,  however,  it  Ims  been  found  impos* 
riblc  to  remove  the  whole  brain,  but  when  it  has  been  removed  piece- 
meal  the  animal  may  be  kept  alive  for  some  time,  aud  can  carry  out  co- 
ordinated movements  well,  and  even  manifest  intelligence. 
PI      It  is  quite  evident,  therefore,  that  the  apparatus  for  carrying  out  co- 
ordinated movements  is  in  these  animals  not  localized  cither  in  the  cere- 
brum or  in  the  spinal  cord,  and   must  therefore  be  connected  in  some 
WBj  with  the  parts  of  the  brain  below  the  cerebrum   and  above  the 
eord.     There  is  no  reason  why  such  an  arrangement  may  not  be  supposed 
to  exist  in  the  human  brain. 
^B     We  must  look  upon  the  C5erebnim,  however,  for  the  originator  of  vol- 
^^liiitary  movements. 

As  regards  the  theory  of  the  localization  of  different  movements  in 
different  parts  of  the  cerebral  cortex  which  as  we  have  seen  has  received 
so  much  support  from  otjservation  on  animals  such  as  the  dog  and  the 
monkey,  at  any  rate,  w^e  may  say  that  certain  parts  of  the  cerebral  cortex 
appear  to  be  highly  sensitive  to  electrical  stimuli,  particularly  the 
Roland ic  area  and  the  frontal  lobe  in  front  of  it.     Stimulation  of  cer* 

ttain  other  regions,  viz.,  of  the  occipital  region,  of  the  parietal  and  tem- 
poral region,  and  of  the  gyrus  fornicatus  and  the  frontal  region  in  front 
^  the  motr^r  urea,  does  not  give  rise  to  such  movements.     Such  observa- 
lions  afi  it  has  l>een  possible  to  nuike  on  man  show  that  the  localization 
of  movement  on  the  human  cerebral  cortex  is,  if  anything,  8U]K>rior 
hIo  that  observed  in  monkeys.     We  have,  of  course,  but  few  data  upon 
^Hirhich  to  base  our  conclusion,  except  such  as  have  been  obtained  from 
^hhe  observation  of  the  symptoms  of  disease,  but  with  the  help  of  these 
^■rc  may  assume  that  in  the  cerebral  cortex  the  co-ordinat«d  movements 
^^f  the  body  in  some  way  are  represented.     The  cases  which  have  given 
vm  most  of  our  knowledge  upon  the  subject  are  those  in  which  hfcmorrhages 
have  occurred  in  different  parts  of  the  brain,   followed  by  paralysis  of 
the  opposite*  side  of  the  body*     These   haemorrhages  chiefly  occur  in 
he  neighborhood  of  the  corpus  striatum.     The  paralysis  of  the  extremities 
practically  permanent,  although,  as  a  rule,  the  muscles  connected  with 
tie  trunk  are  not  paralyzed.     This  meiins  that  some  interruption  has 
iken  place  between  the  cerebral  cortex  and  the  jmralyzed  muscles,  and  if 
be  l^ion  is  a  destroying  one,  the  connection  is  never  re-established.   In  the 
of  the  animals,  such  as  the  dog,  this  is  not  the  case,  as  the  paralysis 
is  temporary.     It  is  aopposed  that  in  man  not  only  the  more  highly 
ikilled  movements  but  all    voluntary   nmvemcuts  of    the  muscles  are 
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actaally  repreeented  in  the  cortical  areas,  and  that  the  pjrramidal  tracts 
are  actually  essential  for  voluntary  movements.  If  the  pyramidal 
tracts  be  partially  or  wholly  destroyed,  anywhere  in  their  course,  a 
paralysis  corresponding  with  the  amount  destroyed  invariably  follows. 
In  the  dog  experiments  have  shown  that  this  is  not  the  case,  and  the 
conduction  of  voluntary  impulse  to  muscles  may  take  place,  for  example, 
in  other  parts  of  the  cord  besides  the  pyramidal  tract,  after  hemisection. 

The  pyramidal  tracts  in  man,  however,  must  be  considered  also  as 
the  only  path  connecting  the  cortical  centres  with  the  co-ordinated 
centres  lower  down  in  the  brain,  as,  for  example,  in  the  bulb.  The 
impulses  which  pass  down  from  the  cortex,  whatever  they  may  be,  are 
not  however  of  necessity  connected  with  consciousness,  and  many  volun- 
tary movements  of  a  complicated  nature  may  take  place  really  better  with- 
out consciousness  than  with  it.  This  is  shown  in  such  co-ordinated 
movements  as  writing,  walking,  marching,  and  the  like,  all  of  which  are 
acquired  with  time  and  much  l&bor,  but  when  once  perfect  in  the 
individual,  can  best  be  performed  without  voluntary  effort.  Such 
movements  must  be  represented  by  impulses  passing  in  the  pyramidal 
tracts,  for  if  they  are  interrupted,  the  movements  are  no  longer  per- 
formed. 

What  actually  originates  a  voluntary  action,  or  one  performed  by 
an  effort  of  the  will,  we  are  unable  to  say.  No  doubt  impulses  from  the 
periphery  conducted  to  the  cerebral  cortex  along  all  kinds  of  afferent 
channels  must  have  something  to  do  with  it;  directly  or  indirectly, 
sooner  or  later.  In  the  human  cortex  it  would  seem  that  the  apparatus 
for  performing  all  m^ner  of  possible  co-ordinated  movements  which  maj 
result  in  speech  or  action,  are  stored.  This  apparatus  is  capable  of 
being  set  in  action  either  in  the  absence  of  consciousness  by  afferent 
stimuli  of  some  kind  directly,  or  by  what  may  be,  indirectly  or  remotelj, 
in  some  way  the  result  of  afferent  stimuli,  viz.,  the  will.  It  is  also  prob- 
able that  the  will  of  another  may  take  the  place  of  the  man^s  own  will, 
and  may  call  for  the  movements,  actions,  and  speech,  all  of  which  are, 
as  it  were,  ready  to  be  called  forth  by  a  stimulus  of  some  kind.  It  may 
be  supposed  that  the  condition  of  development  of  the  brain  inherited  by 
the  individual  has  something  to  do  both  with  the  potentialities  of  the 
apparatus  for  co-ordinated  acts,  which  he  receives  at  birth,  and  with  the 
way  in  which  the  apparatus  is  set  in  motion. 

Unilateral  Adioji. — Respecting  the  mode  in  which  the  brain  dis- 
charges its  functions,  there  is  no  evidence  whatever.  But  it  appears 
that,  for  all  but  its  highest  intellectual  acts,  one  of  the  cerebral  hemi- 
spheres is  sufficient.  For  numerous  cases  are  recorded  in  which  no 
mental  defect  was  observed,  although  one  cerebral  hemisphere  was  so 
disorganized  or  atrophied  that  it  could  not  be  supposed  capable  of  dis- 
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charging  its  functions.  The  remaining  hemisphere  was,  in  these  cases, 
adequate  to  the  functions  generally  discharged  by  both;  but  the  mind 
does  not  seem  in  any  of  these  cases  to  have  been  tested  in  very  high 
intellectual  exercises;  so  that  it  is  not  certain  that  one  hemisphere  will 
suflSce  for  these.  In  general,  the  brain  combines,  as  one  sensation,  the 
impressions  which  it  derives  from  one  object  through  both  hemispheres, 
and  the  ideas  to  which  the  two  such  Impressions  give  rise  are  single.  In 
relation  to  common  sensation  and  the  efforts  of  the  will,  it  must  always 
be  remembered  that  the  impressions  to  and  from  the  hemispheres  of  the 
brain  are  carried  across  the  middle  line;  so  that  in  destruction  or  com- 
pression of  either  hemisphere,  whatever  effects  are  produced  in  loss  of 
sensation  or  voluntary  motion,  are  observed  on  the  side  of  the  body 
opposite  to  that  on  which  the  brain  is  injured. 

Sleep. — All  parts  of  the  body  which  are  the  seat  of  active  change  require 
periods  of  rest.  The  alternation  of  work  and  rest  is  a  necessary  condition  of 
their  maintenance,  and  of  the  healthy  performance  of  their  functions.  These 
alternating  periods,  however,  differ  much  in  duration  in  different  cases ;  but, 
for  any  individual  instance,  they  preserve  a  general  and  rather  close  uniformity. 
Thus,  as  before  mentioned,  the  periods  of  rest  and  work,  in  the  case  of  the 
heart,  occupy,  each  of  them,  about  half  a  second  ;  in  the  case  of  the  ordinary 
respiratory  muscles  the  periods  are  about  four  or  five  times  as  long.  In  many 
cases,  again  (as  of  the  voluntary  muscles  during  violent  exercise),  while  the 
periods  during  active  exertion  alternate  very  frequently,  yet  the  expenditure 
goes  far  ahead  of  the  repair,  and,  to  compensate  for  this,  an  after  repose  of 
some  hours  becomes  necessary' ;  the  rhythm  being  less  perfect  as  to  ftme,  than 
in  the  case  of  the  muscles  concerned  in  circulation  and  respiration. 

Obviously,  it  would  be  impossible  that,  in  the  case  of  the  brain,  there 
should  be  short  periods  of  activity  and  repose,  or  in  other  words,  of  conscious- 
ness and  unconsciousness.  The  repose  must  occur  at  long  intervals ;  and  it 
must  therefore  be  proportionately  long.  Hence  the  necessity  for  that  condition 
which  we  call  Sleep;  a  condition  which  seeming  at  first  sight  exceptional,  is 
only  an  unusually  perfect  example  of  what  occurs,  at  varying  intervals,  in 
every  actively  working  portion  of  our  bodies. 

A  temporary  abrogation  of  the  functions  of  the  cerebrum  imitating  sleep, 
may  occur,  in  the  case  of  injury  or  disease,  as  the  consequence  of  two  appar- 
ently widely  different  conditions.  Insensibility  is  equally  produced  by  a 
deficient  and  an  excessive  quantity  of  blood  within  the  cranium  (coma)  ;  but  it 
was  once  supposed  that  the  latter  offered  the  truest  analogy  to  the  normal  con- 
dition of  the  brain  in  sleep,  and  in  the  absence  of  any  proof  to  the  contrary, 
the  brain  was  said  to  be  during  sleep  congested.  Direct  experimental  inquiry 
has  led,  however,  to  the  opposite  conclusion. 

By  exposing,  at  a  circumscribed  spot,  the  surface  of  the  brain  of  living 
animals,  and  protecting  the  exposed  part  by  a  watch-glass,  Durham  was  able 
to  prove  that  the  brain  becomes  visibly  paler  (anaemic)  during  sleep ;  and  the 
anaemia  of  the  optic  disc  during  sleep,  observed  by  Hughlings  Jackson,  may 
be  taken  as  a  strong  confirmation,  by  analogy,  of  the  same  fact. 

A  very  little  consideration  will  show  that  these  experimental  results  corre'- 
spond  exactly  with  what  might  have  been  foretold  from  the  analogy  of  other 
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{>liyBtologtcai  coDdUions.  BlmMi  i«  supplied  to  the  braiD  for  two  (MUtlj  dii^^ 
tmct  purposes.  (1. )  It  is  supplied  fnr  mere  nutrition'^  sake.  <2)  It  is 
sary  for  bringinj?  supplies  of  potentiaJ  or  active  energy  (i.e.,  combuMibi^^  matter 
or  heat)  which  rtiay  be  traDsforme<l  by  the  cerebral  rorpuscleii  into  the  vahoqj 
manifestations  of  nerre- force.  During  sleep  blood  isreciiusite  for  only  the  fir« 
of  these  puri>o6e8;  and  its  supply  in  greaUr  qiumtity  i«rould  be  not  oaJr 
useless,  but  by  supply  in  j^  an  excitement  to  work,  when  rest  is  needed,  would  br 
positively  harnifuL  In  this  respect  Ihe  varying  circulation  of  blood  in  tfa« 
brain  exactly  resembles  that  which  occurs  in  all  other  energy- traosforDitiii; 
parts  of  the  Ixxiy  ;  eg,,  gkitifh  or  muHvU-H 

At  the  same  tiiue.  it  is  iiecertSfirj*  to  remember  that  the  normal  anipmii  of 
the  brain  which  accompanies  nleep  is  pro1»ahly  a  ret^ult,  and  not  a  cause  fi  tlie 
quiee<!ence  of  the  cerebral  functions.  Whiit  the  iminediate  cause  of  tliit 
jwriodical  partial  abrogation  of  functions  is.  however,  we  do  not  know, 

Somnatnbalism  aad  Dreams.— What  we  term  j*/^cp  occurs  of l^n  in  very  differ- 
ent  degrees  in  different  jjarts  of  the  nervous  system  ;  and  in  some  parte  the 
expression  caimot  be  \ised  in  the  4»rdinar>'  sense. 

The  phenomena  of  dreums  and  aomnninlmliinn  are  examples  of  differing 
degrees  of  sleep  in  different  |)aits  of  the  cerebro- spinal  nerTous  system.  In  the 
former  case  the  cerebrum  is  still  fwsrtiaUy  active;  but  the  mind- products  of  iti 
action  are  no  longer  corrected  l*y  the  reception,  on  the  part  of  llie  sleeping 
t^nmrnim^  of  impressions  i»f  olgecta  bcdonging  to  the  outer  world ;  neither 
the  cerebrum,  in  this  half -awake  condition,  .-^ct  on  the  centres  of  reflex  artiuQi 
of  the  voluntary  muscles,  so  as  t^i  cause  the  latter  to  contract — a  fact  withia 
tlie  painful  exfx^rience  of  all  who  have  suffered  from  nightmare. 

Iti  somiip-mbulism  the  cerebrum  is  ca|jable  of  exciting  that  train  of  reflei 
nervous  action  which  is  necessary  for  progression,  while  the  nerve *c>eotre  of 
miLstniUir  setim  (in  the  cerel>ellum  ?)  is,  presumably,  fully  a%vake;  but  the  jm^ 
sort wm  is  still  asleep,  and  impresfiions  made  on  it  are  not  gfiifficiently /nW  to 
rouse  the  cerebrum  to  a  comparison  of  the  difference  between  mere  ideas  of 
memories  and  sensations  derive<l  from  externnl  objects. 
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The  ventres  for  muscular  vo-ordiuationK — In  asserting  that  the  co-. 
ordination  of  coiiipUcated  mu&cuiar  movements  is  connected  with  the 
middle  parts  of  the  brain  below  the  eerebnim  and  abovp  the  bulb,  ve 
were  stating  a  fact  deduced  from  experiments  npon  animals.  It  is  diffi- 
cult to  nnd Cretan d  the  exact  way  in  which  these  parts  of  the  brain  are 
concerned.  It  appears,  however,  that  co-ordinated  movements  such  as 
standing,  walking,  and  the  maintenance  of  the  eqnilibrium  generally, 
require  to  be  guided  and  govenied  by  afferent  impulseflv  which  tell  of 
the  condition  of  the  body  and  of  its  relations  to  its  environment  (**  its  J 
position  in  space'*).  The  afferent  impulses  arefirsfli/  visual  and  tactile^ 
sensations,  ^econdlt/  sensations  by  which  we  appreciate  the  condition  of 
our  muscles  (raiiseolar  sense),  and  thirdly^  as  appears  from  experimenta 
on  pigeons  and  other  animals,  sensations  produced  by  the  pressure,  in 
different  directions,  of  the  fluid  in  the  semicircular  canals  of  the  in- 
ternal ear. 

Experiments  show  that  when    the   horizontal  semicircular  caniil  is  , 
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diTided  in  a  pigeon,  inco-onliimtioii  orcurs,  with  a  constant  movement 
of  the  head  from  side  to  side,  aod  siniilarly,  when  ota'  of  the  vertical 
canals  is  operated  upon,  up  and  down  movements  uf  the  head  are  ob- 
ierved.  The  bird  is  unable  to  fly  in  an  orderly  manner,  flutters  and 
faJls  when  thrown  into  the  air,  and,  moreover,  is  able  to  feed  with 
difficulty,  HeariTig  remains  unimpaired.  So  that  inco-ordination 
depends  upon  deficiency  or  disorder  of  normal  ampullar  influences.  It 
will  be  recollected  that  the  semicircular  canals  are  supplied  with  a 
nenre^  the  vestibular  branch  of  the  auditory,  which  is  connected  with  the 
bulb. 

It  is  probable  that  the  various  afferent  impulses  upon  wiiich  co-ordina- 
tion and  the  maintenance  of  the  equOibrium  depend  are  gathered  up,  as 
it  wwre,  in  the  tegmental  system  from  the  bulb  upward,  since  this 
region  is  so  intimately  couueeted  with  the  bulb  and  curd  posteriorly, 
and  with  the  optic  thalamus  and  corpora  quadrigemina  anteriorly.  In 
addition  to  the  tegmentum,  however,  the  cerebellum  and  pons  are  in 
some  way  concerned,  because  of  tlieir  intimate  connection  with  the 
spinal  cord  and  bulb,  the  cerebellum  being  further  connected  with  the 
auditory  nerve  en  the  one  hand,  and  with  the  gray  matter  in  connection 
With  the  tegmentum  on  the  other  hand. 

^m       There  is  evidence  that  flbres  from  the  nerves  of  special  sense  are 

^■qieci&llj  connected  with  deflnite  and  distinct  parts  of  the  cerebrum* 

^r        Vimiai  or  Optic  Centre. — The  termination  of  the  optic  nerve  in  each 

ejre*  the  retina,  to  the  structure  of  which  we  shall  return  when  treating 

of  the  eye,  is  so  arranged  that  when  w^e  look  at  an  abject  with   both 

eyee  sy^mmetric^d  parts  of  e^ch  retina  are  used.     For  example,  if  we  look 

nt  an  object  to  the  left,  an  image  of  that  object  is  focnssed  upon  the 

right  half  of  both  retinie,  viz.,  upon  the  temporal  side  of  the  right 

n^tiua,  and  upon  the  nasal  side  of  the  left  retina.     The  optic  nerve* 

fibres  of  these  symmetrical  parts  of  the  retina  are  gathered  together 

Hbehind  where  the  optic  nerves  decussate,  viz,,  in  the  optic  chiasma* 

VThe  fibres  which  come  from  the  right  side  of  both  eyes  are  contained  in 

the  optic  tract  of  the  same  side,  viz,,  the  right,  those  from  the  right  eye 

being  ontside  of  the  others.     In  the  same  way  the  left  optic  tract  con- 

tiiins  internally  fibres  from  the  left  side  of  the  right  eye  ami  externally 

those  from  the  leftside  of  the  left  eye.     On  the  inner  border  of  the  optic 

chinsnui  and  tract  there  arc  also  commiasural  fibres  which  pass  from  one 

lido  of  the  brain  to  the  other;  these  are  fibres  which  connect  one  median 

[ corpus  geniculatum  with   the  other.     They  are  called  the  inferior  or 

larcuate  commissure.     The  optic  tract  thus  formed  then  passes  back* 


Sensory  Centres. 
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ward  and  terminates  in  three  distinct  nuclei,  viz.,  the  pulvinarof  the 
optic  ihalamnB)  the  median  eorpua  quadrigeminum  and  the  lateral 
corpus  geniculatum.  These  nuclei  waste  if  the  eyes  are  remored  froni 
an  adult  animal;  and  if  from  a  newly  horn  animal  they  do  not  defelop. 
The  optic  chitLsma  in  its  course  gives  off  fibreiJ  which  are  connected  witt 
the  nucleus  of  the  third  nerve. 

It  appears  that  some  of  the  fibrea  of  the  optic  tract  pass  directlj  iiitr> 
the  cerebral  cortege  without  joining  with  the  optic  thalamas,  corpas  quad- 
rigeminum or  corpus  gen ieu latum. 

It  was  shown  above  that  the  fibres  of  the  cerebral  cortex,  known  as 
the  optic  radiation,  paas  from  the  occipital  region  to  the  three  nuclei 
about  which  we  are  speaking,  viz,,  into  the  pulvinar  of  the  optic  thab- 
mu8,  the  anterior  corpus  quadrigeminum  and  lateral  corpus  gen  ieu latu% 
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Fig.  ««.— Tlie  Cortical  C3>3ntrea. 

and  it  is  known  that  when  the  occipital  cortex  is  removed,  these  tl 
waste.  It  has  been  further  shown  that  in  a  newly  born  animal  the 
removal  of  such  a  region  is  followed  by  imperfect  development  of  the 
parts  in  question. 

If  one  optic  nerve  be  divided  blindness  of  the  corresponding  eje 
results,  but  if  one  optic  tract  be  divided  there  is  a  half  bliudneas, 
which  is  called  hemianopsia^  hemiauopia,  or  he/niopia,  right  or  left, 
according  as  the  right  or  left  field  of  vision  is  cut  off.  It  ia  highly 
probable  that  the  occipital  lobe  (figs.  382,  386),  and  particularly 
the  cuneus,  is  concerned  as  a  so-called  visual  centre,  since  not  only  is 
it  connected  with  the  optic  nerves,  as  we  have  seen,  but  also  because  the 
removal  of  the  right  occipital  lobe  in  an  animal  (monkey),  is  followed 
by  left  hemiopia>  removal  of  the  left  by  right  hemiopia,  and  removal  of 
both  occipital  lobes  by  total  blindness.  Some  have  connected  the  angular 
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gjmi  mlfio  with  vision  as  the  centre,  while  others  look  ttpon  it  merely 
m  Ml  mooGBaory  centre. 

Olfactory  emUr$, — The  olfactory  nerr©  differs  from  the  other  cranial 
nenrefi.  In  reality  it  is  a  representative  o!  the  olfactory  lobes  of  other 
aDimals,  which  are  part  of  the  cerebrum.  It  originates  as  an  off-shoot 
from  the  cerebral  vesicle,  the  front  part  of  which  is  developed  into  the 
bulb  of  the  olfactory  nerve,  whik*  the  back  forms  its  peduncle.  The 
nerve,  the  cavity  of  which  is  filled  up  in  the  ftilly  developed  condition 
with  neurogUar  substance,  lies  upon  the  cribriform  plate  of  the  ethmoid 
bone^  and  is  contained  in  a  groove  of  the  frontal  lobe  on  its  under  sur- 
face. On  examination  of  the  bulb  it  is  found  to  be  thus  made  up. 
Benaath  the  neurogliar  layer  is  a  layer  of  longitudinal  fibres  and  a  few 
nerve-oella,  next  to  this  is  a  layer  of  email  cells  (nuclear  layer),  fibres 
from  the  layer  of  nerve*fibres  pjissing  through  it. 

The  nnclear  layer  is  also  separated  into  groups  of  cells  by  an  inter- 
lacing of  the  fibres.  The  next  layer  is  thick  and  ia  composed  of  neuroglia 
and  some  fibres,  some  of  which  are  medu Hated,  as  well  as  of  celts  more 
loss  pyramidal  in  shape.  Below  this  layer  is  the  layer  of  olfaeiory 
ghmrni!i\  These  glomeruli  are  small  coils  of  olfactory  fibres  inclosing 
small  cells  and  granular  n^atter,  A  full  description  of  the  anatomy  of 
tbese  parts  is  given  later  (see  Olfactory  nerve). 

Fibres  of  the  olfactory  nerv»?  proper  are  found  bi?low  this  layer  and 
to  be  distributed  to  the  olfactory  mue'ous  membrane.     They  are 
lOQght  to  have  origin  in  the  glomeruli.     The  peduncle  of  the  nerve 
ie  vlfarionj  frari  as  it  is  sometimes  called,  ia  made  up  of  longitudinal 
€>nginating  in  the  bulb,  with  neuroglia  and  some  nerve-cells* 
The  fibres  of  the  olfactory  tract  have  been  traced  into  the  nnclena 
lygdate  and  its  junction  with  the  liippocampal  gyrus  in  the  temporal 
ibe  (fig.  386).     The  hippocampus  must  be  iu  some  way  connected  with 
lell,  aince  a  lesion  of  it,  leaving  the  olfactory  tract  uninjured,  seriously 
torferes  with  that  sense. 
Tiude  centre. — ^It  is  very  uncertain  where  the  taste  centre  is  situated, 
if  such  exist.     It  has  been  placed  in  the  temporal  lobe,  not  far  from  that 
I     0f  gniell  (fig,  380). 

^^  Auditortj  Centrr, — This  centre  has  been  localized  iu  the  superior 
^■emi>oral  convolution  (fig,  382).  Experiments  have  been  made  which 
^■bonnect  auditory  impulses  on  either  side  with  the  posterior  corpus  quad- 
^Prigeniinum  and  the  median  corpus  gen iculatum,  for  when  the  internal 
ear  ia  destroyed  there  results  atrophy  of  these  bodies  as  well  as  of  the 
lateral  fillet  of  the  opposite  side;  and  on  the  other  hand,  destruction  of 
tb<»  part  of  the  temporal  lobe  above  indicated  is  similarly  followed  by 
atrophy  of  the  nuclei  of  the  same  side.  If  tbeee  results  be  confirmed  by 
additional  experiments,  it  would  make  it  plain  thai  these  nuclei  bear 
much  the  same  relation  U}  the  sense  of  bearing  as  do  the  anterior  corpus 
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qnadrigeminnm  and  the  lateral  corpus  genionlatam  to  the  aenae  of 
sight. 

Centre  for  Cuianeaua  Sensations. — Physiological  experiments,  as  well 
as  clinical  and  pathological  observations,  now  show  pretty  certainly  that 
the  cortical  centre  for  sensations  of  tonoh,  and  probably  of  pain  and 
temperature,  are  essentially  identical  with  the  motor  areas,  that  is  to 
say,  in  the  central  convolutions.  *  Owing,  however,  to  the  wide  distribu- 
tion of  afferent  impulses,  through  the  multiplication  of  their  means  of 
getting  to  the  brain,  the  area  of  these  sensory  centres  is  not  as  strictly 
limited  as  that  of  other  special  centres. 

The  Centre  for  Muscular  Sensations. — A  great  deal  of  evidence  is  ac- 
cumulated to  show  that  the  most  important  area  in  which  these  seDsa- 
tions  are  brought  to  consciousness  is  in  the  inferior  parietal  lobule. 

Functions  of  Corpora  Striata,  and  Optic  Thalami. 

The  Corpora  Striata. — The  idea  formerly  held  that  the  corpora 
striata  are  concerned  in  the  transmission  of  motor  impulses,  or  that  they 
are  the  great  motor  ganglia  at  the  base  of  the  brain,  rests  upon  insuffi- 
cient evidence.  Lesions  of  the  corpora  striata  produce  hemiplegia  only 
because  of  the  pressure-effects  they  exercise  upon  the  internal  capsule 
close,  by. 

The  caudate  nucleus  is  connected  with  the  opposite  side  of  the  cere- 
bellum by  fibres  which  conduct  downward,  and  the  lenticular  nucleus  is 
connected  with  the  cerebellum  by  fibres  from  the  tegmentum  and  su- 
perior cerebellar  peduncles  which  conduct  upward.  It  is  suggested  that 
the  corpora  striata  are  central  organs  analogous  to  the  cerebral  cortex 
itself.  '*  The  analogy  to  those  parts  of  the  cortex  that  are  connected 
with  the  cerebellum  is  rendered  still  greater  by  the  fact  that  a  lesion, 
even  an  extensive  lesion,  may  exist  in  either  the  caudate  or  lenticular 
nucleus,  and  so  long  as  it  does  not  interfere  with  the  fnnctions  of  the 
motor  or  sensory  parts  of  the  internal  capsules  it  causes  no  persistent 
symptoms."     (Gowers.) 

On  the  whole,  however,  it  must  be  said  that  the  functions  of  the 
corpora  striata  are  unknown,  and  it  is  possible  that  in  man  they  are  very 
subsidiary,  if  not  even  rudimentary,  bodies. 

27ie  Optic  Thalami, — That  the  optic  thalami  are  the  great  sensory 
centres  at  the  base  of  the  brain — which  was  a  view  held  by  many  until 
recently — does  not  seem  to  be  based  upon  suflBciently  accurate  observa- 
tions. The  important  relation  to  the  tegmentum  of  its  own  side  would 
make  it  appear  as  being  specially  concerned  with  the  sensory  fibres  pass- 
ing to  the  cerebrum,  for  which  it  probably  forms  a  relay. 

Its  connection  with  the  optic  nerves  has  been  commented  upon 
above.  Fibres  connect  the  optic  thalamus  too  with  the  superior  pe- 
duncle of  the  cerebellum  of  the  opposite  side. 
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Lefiions  of  the  optic  tbalaDiua  do  Dot  of  tbemaelvos  produce  entire 
lorn  of  senaatioti.  If  such  u  symptom  follows,  it  is  due  to  pressure  upon, 
or  iDJury  to,  the  posterior  limb  of  the  internal  capsule.  The  optic 
thakmua  is  connected  mih  visual  sensations  and  may  be  a  reflex-centre 
for  some  of  the  higher  reflex  actions. 

The  optic  thalamus  is  so  closely  connected  with  a  large  area  of  the 
cortex  that  it  undoubtedly  must  hnve  some  function  in  connection  with 
the  mechanical  or  muscular  movements  and  of  expression.  It  is  prob- 
able that  it  is  the  organ  to  which  automatic  activities  are  relegated  in 
itates  of  partial  conaciousness.     The  automatic  walking,  writing,  speak* 


Tig,  St7.— Oertbenotn  Id  Rectlon  aod  fourtlt  ventricle,  with  the  nelghborine  part&  1, 
Uah  rrooveaf  fourth  ¥«iJlrlcle,  eDiliDic  ImpIow  in  the  cntamus  »criptoriu*^  with  tno  tonf^itu- 
^■■■■jI  mamnom  fanned  by  tht^  faj*riruli  terHrs,  one  m\  eiu..h  nitje;  2,  the  fULme  irrixiTe,  At  the 
«»to0B  what9  Ihe  white  streftlts  of  the  auditory  nerve  nmerKi^  from  it  to  cixias  the  floor  of  the  ven 
iricle;  t.  inferior  cms  or  iteduticleol  the  oerebellum,  formed  by  the  restiform  body;  4,  poBterit>r 
pjvmntd;  above  this  Is  the  caIudus  Bcrtptortui*:  r..  nnperior  cnm  of  oerebBllum,  or  proc«ssu«  e 
eentoello  ad  oeratmim  (or  ad  testes);  fl,  «.  flUet  to  the  side  of  tbs  cnum  cerebri;  7,  7,  lateral 
ynwyes  of  the  cnira  cerebri;  ti,  corpora  quiMlriKetniQA.    (Trom  Sappey  after  Hirschfeld  and 

log,  Tind  emotional  expressions,  for  example,  that  are  done  by  men  in 
hypnotic  states  or  in  sleep,  are  very  probably  largely  nnder  the  control 
of  the  optic  thalamus  in  connection  with  the  cerebellnm  and  associated 
ganglia. 

Of  the  ftinctionfi  of  the  ^xiet*titil  enj^sule  and  of  the  clausimm  nothing 
definite  is  known. 


The  Cerebellum, 

The  cerebellum  (t,  8,  U,  10,  f\g,  354)  is  composed  of  an  elongated 
central  portion  or  lobe^  called  the  vermiform  processes^  and  two  bemi- 
fpheres.  Each  hemisphere  is  connected  with  its  fellow,  not  only  by 
n)t*aus  of  the  vermtform  processes,  but  also  Ijy  a  bundle  of  fibres  called 
the  muitik  crti9  or pedunck  (the  latter  forming  the  greater  part  of  the 
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pons  Varolii),  while  the  superior  crura  with  the  valve  of  Vieosseiis  coti« 
nect  it  with  the  oerebrnm  (5,  fig.  387),  and  the  inferior  crura  (formed 
by  the  prolonged  restiform  bodies)  connect  it  with  the  medulla  oblongata 
(3,  fig.  387). 

Structure, — The  cerebellum  is  composed  of  white  and  gray  matter, 
the  latter  being  external,  like  that  of  the  cerebrum,  and  like  it  infolded, 
so  that  a  larger  area  may  be  contained  in  a  given  space.  The  convoln- 
tions  of  the  gray  matter,  however,  are  arranged  after  a  different  pattern, 
as  shown  in  fig.  387.  Besides  the  gray  substance  on  the  surface,  there 
18,  near  the  centre  of  the  white  substance  of  each  hemisphere,  a  small 
capsule  of  gray  matter  called  the  corpus  deniatum  (fig.  388,  cd)^  resem- 
bling very  closely  the  corpus  dentatum  of  the  olivary  body  of  the  medulla 
oblongata  (figs.  362,  388,  o). 


Fig.  866.— Outline  sketch  of  a  section  of  the  oerebeUum,  showing  the  corpus  dmf  tiini  The 
section  has  been  carried  throoffh  the  left  lateral  part  of  the  pons,  so  as  to  diride  the  saperior  pe- 
duncle and  pass  nearly  througu  the  middle  of  the  left  cerebellar  hemisphere.  The  oliTary  hMj 
has  also  been  divided  longitudioallv  so  as  to  expose  in  section  its  oorptu  dentatum,  c  r.  crw 
cerebri;  /.  fillet;  q^  corpora  quadrigemina:  «p,  superior  peduncle  of^the  cerebellum  divided; 
m  p,  middle  peduncle  or  lateral  part  of  the  pons  varolii,  with  fibres  passings  from  it  into  the 
white  stem ;  a  i\  continuation  of  the  white  stem  radiating  toward  the  arbor  Titse  of  the  folift: 
c  d,  corpus  dentatum;  o,  olivary  body  with  its  corpus  dentatum;  p,  anterior  pyramid.  rAlles 
Thomson.)    %. 

If  a  section  be  taken  through  the  gray  matter  of  the  cerebellum,  it 
will  be  found  to  be  composed  of  two  layers,  an  outer,  or  molecular,  and 
an  inner,  or  granular,  layer.  Each  of  these  layers  contains  a  large  num- 
ber of  peculiar  shaped  nerve-cells,  and  very  rich  plexuses  of  nerve-fibres. 
Recent  studies  of  the  cortex  of  the  cerebellum  by  modern  methods  have 
revealed  a  most  complex  and  beautiful  arrangement  of  the  parts,  which 
we  shall  describe  briefly  here. 

The  molecular  layer  contains  two  kinds  of  cells,  one  large  and  known 
as  Furl'inje^s  cell,  the  other  smaller  and  known  as  stellate  cells.  The 
cells  of  Purkinje  lie  along  the  internal  margin  of  the  layer,  being,  ir 
fact,  practically  at  the  boundary  of  the  molecular  and  granular  layers. 
They  measure  40x30  /x,  and  have  large,  round  nuclei.  Each  cell  gives 
off  an  enormous  number  of  branching  dendrites,  which  run  up  toward 
the  surface  of  the  cerebellum  in  the  shape  of  a  bush.  Each  little  branch 
sends  off  from  the  side  small  buds,  which  are  called  the  gejnmules  or 
thorns.  These  branching  dendrites  do  not  pass  up  altogether  like  the 
branches  of  a  round  bush,  but  are  flattened  like  a  bush  that  has  beea 
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tioii,  and  if  ono  makes  a  section  down  through  the  centre  of  the  convn- 
lution,  in  its  longitudinal  course,  a  side  view  of  the  cell  only  is  shown 
(fig.  381). 

'rhe  cells  of  Purkinje  give  off  at  their  under  aarface  a  nenraxon 
which  runs  down  into  the  white  matter  of  the  cerebellum.  Lying 
throughout  the  molecular  layer  are  the  stellate  cells,  which  are  much 
smaller  in  size,  and  which  give  off  a  number  of  dendrites  (fig.  388a). 

Each  cell  has  also  an  axis-cylinder  (neuraxon)  and  this  sends  off  col- 
laterals which  end  in  a  fine  basket-like  network  which  surrounds  the 


St  elf  ate 
basket 


molecular 
layer' 

granule 


.    granule 


Fig.  389a.— A,  Afferent  fibre  to  basket  (stellate)  cell:  B,  neuraxon  of  Purkin14  cell;  C,  afferent 
tlbre  U)  Purkitij6  cell;  D,  afferent  (ino88y)  fibre  to  fi^ranule  celL 


body  of  the  cells  of  Purkinje  (fig.  381)a).  On  this  account  they  are  some 
times  called  basket-cells.  There  are  other  stellate-shaped  cells  in  the 
molecular  layer  which  lie  more  superficially,  and  do  not  have  this  partic- 
ular connection  with  the  Pnrkiuj6  cells,  but  appear,  however,  to  belong 
to  the  same  type. 

The  granular  layer  contains  a  large  number  of  very  small  granular- 
like  cells  that  Golgi  was  the  first  to  show  were  really  nerve  cells.  They 
are  only  about  5/i  in  diameter,  and  they  have  a  number  of  short  den- 
drites wliicb  end  in  clubbed  extremities.  They  give  off  a  very  fine  axis- 
cylinder  j)roces8  (neuraxon)  which  runs  up  into  the  molecular  layer  and 
there  divides  in  a  T-shaped  fashion,  the  fibres  running  parallel  to  the 
surface  of  the  convolution  and  passing  in  between  the  branches  of  the 
cells  of  Purkinje.  There  are,  besides  these  granular  cells,  a  few  larger 
cells,  witli  axis-cylinders,  that  divide  and  subdivide,  ending  in  a  finely 
ramifying  plexus.  These  are  known  as  the  cells  of  Golgi.  They  are 
found  in  other  parts  of  the  brain. 

The  white  substance  of  the  cerebellum  conaista  of  serve-fibres,  whicb 


THE  NERVOUS  SYSTEM.  631 

are  of  three  kinds:  Ist,  Descending  fibres,  that  are  made  up  of  the  a:)^is- 
cylinders  of  the  cells  of  Purkinj6  carrying  impulses  down  from  the  cere- 
bellar cortex.  2d,  Ascending  fibres,  which  pass  into  the  granular  layer, 
and  there  end  in  a  number  of  very  short,  finely  split  fibres,  presenting  a 
mossy  appearance,  so  that  these  are  known  as  the  mossy  fibres.  These 
connect  with  the  granular  cells  of  this  layer.  3d,  Ascending  fibres,  which 
pass  up  through  the  granular  into  the  molecular  layer  and  there  break 
up  into  a  fine  network,  which  interlaces  with  and  coils  among  the  proto- 
plasmic branches  of  the  cells  of  Purkinj6. 

It  will  be  seen  that  the  arrangements  for  the  transmission  and  difi'u- 
sion  of  nerve-impulses  and  for  the  cooperation  of  different  cells  with 
each  other  are  extremely  complicated  and  delicate,  as  would  be  needed  for 
so  important  an  organ.  It  is  not  possible  to  indicate  absolutely  by  any 
scheme  the  course  of  fibres  and  the  course  of  impulses  through  the  cere- 
bellum, but,  approximately,  it  is  somewhat  like  that  in  the  accompany- 
ing figure  (fig.  380a). 

Impulses  pass  up  along  those  ascending  fibres  called  "mossy"  to  the 
granular  cells.  These  cells,  being  stimulated,  send  the  impulses  by  their 
axis-cylinders  to  the  molecular  layer,  and  through  their  T-shaped  divis- 
ions to  the  dendrites  of  the  cells  of  Purkinje.  Thence  an  impulse  is 
send  out  by  the  axis-cylinder  process  of  this  cell.  Other  ascending  im- 
pulses are  brought  up  by  those  fibres  which  pass  to  the  molecular  layer 
and  send  their  terminals  winding  around  among  the  dendrites  of  the  cells 
of  Purkinje.  Probably  impulses  pass  up  also  through  the  ascending 
fibres,  and  affect  the  stellate  cells,  and  through  them  and  their  basket- 
like terminals  the  cells  of  Purkinjg. 

Functions  of  the  Cerebellum. 

(1.)  With  the  exception  of  its  middle  lobe,  the  ccrebelhnn  is  itself 
ifise7isible  to  irritation  and  mny  ho  all  cut  away  without  eliciting  signs 
of  pain  (Longet).  Its  removal  or  disorganization  by  disease  is  also  gen- 
erally unaccompanied  by  loss  or  disorder  of  sensibility;  animals  from 
which  it  is  removed  can  smell,  see,  hear,  and  feel  pain,  to  all  appear- 
ances, as  perfectly  as  before  (Flourens;  Magendie).  It  cannot,  there- 
fore, be  regarded  as  a  principal  organ  of  sensation.  Yet,  if  any  of  its 
crura  be  touched,  pain  is  indicated;  and,  if  the  restiform  tracts  of  the 
medulla  oblongata  b3  irritated,  the  most  acute  suffering  appears  to  be 
produced. 

(2.)  (fO'Ordination  of  Movements. — In  reference  to  motion,  the  experi- 
ments of  Longet  and  many  others  agree  that  no  irritation  of  the  cerebel- 
lum produces  movement  of  any  kind.  Remarkable  results,  however,  are 
produced  by  removing  parts  of  its  substance.  Flourens  (whose  experi- 
ments have  been  confirmed  by  those  of  Bouillaud,  Longet,  and  others) 
extirpated  the  cerebellum  in  birds  by  successive  layers.     Feebleness  and 
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want  of  harmony  of  muscular  movements  were  the  consequence  of  remoT- 
ing  the  superficial  layers.  When  he  reached  the  middle  layers,  the  ani- 
mals became  restless  without  being  convulsed;  their  movements  were 
violent  and  irregular,  but  their  sight  and  hearing  were  perfect.  By  the 
time  that  the  last  portion  of  the  organ  was  cut  away,  the  animals  had 
entirely  lost  the  powers  of  springing,  flying,  walking,  standing,  and 
preserving  their  equilibrium.  When  an  animal  in  this  state  was  laid  upon 
its  back,  it  could  not  recover  its  former  posture,  but  it  fluttered  its 
wings,  and  did  not  lie  in  a  state  of  stupor;  it  saw  the  blow  that  threatened 
it,  and  endeavored  to  avoid  it.  Volition  and  sensation,  therefore,  were 
not  lost,  but  merely  the  faculty  of  combining  the  actions  of  the  muscles; 
and  the  endeavors  of  the  animal  to  maintain  its  balance  were  like  those 
of  a  drunken  man. 

The  experiments  afforded  the  same  results  when  repeated  on  all  classes 
of  animals;  and  from  them  and  the  others  before  referred  to,  Flourena 
inferred  that  the  cerebellum  belongs  neither  to  the  sensory  nor  the  intel- 
lectual apparatus;  and  that  it  is  not  the  source  of  voluntary  movements, 
although  it  belongs  to  the  motor  apparatus;  but  is  the  organ  for  the  co- 
ordination of  the  voluntary  movements,  or  for  the  excitement  of  the  com- 
bined action  of  muscles. 

Such  evidence  as  can  be  obtained  from  cases  of  disease  of  this  organ 
confirms  the  view  taken  by  Flourens:  and,  on  the  whole,  it  gains  sup- 
port from  comparative  anatomy;  animals  whose  natural  movements 
require  most  frequent  and  exact  combinations  of  muscular  actions  being 
those  whose  cerebella  are  most  developed  in  proportion  to  the  spinal 
cord. 

We  must  remember,  too,  that  the  cerebellum  is  connected  with  the 
posterior  columns  of  the  cord  as  well  as  with  the  direct  cerebellar  tract, 
both  of  which  probably  convey  to  the  middle  lobe  muscular  sensationa. 
It  is  also  connected  with  the  auditory  nerves  and  bulb  by  the  internal  and 
external  acute  fibres;  and  with  the  tegmentum  through  the  red  nuclei. 
Its  connection  with  the  efferent  tracts  from  the  different  cerebral  lobes 
through  the  pons  is  also  highly  important.  Movements  of  the  eyes  also 
occur  on  direct  stimulation  of  the  middle  lobe.  It  seems,  therefore,  to 
be  connected  in  some  way  with  all  of  the  chief  sensory  impulses  which 
have  to  do  with  the  maintenance  of  the  equilibrium,  and  is  generally 
included  in  the  nervous  apparatus  which  is  supposed  to  govern  this  func- 
tion of  our  bodies. 

FoviUe  supposed  that  the  cerebellum  is  the  organ  of  miiscuJar  sense,  i.e.,  the 
organ  by  which  the  mind  acquires  that  knowledge  of  the  actual  state  and 
position  of  the  muscles  which  is  essential  to  the  exercise  of  the  wiU  upon  them; 
and  it  must  be  admitted  that  all  the  facts  just  referred  to  are  as  well  explained 
on  this  hypothesis  as  on  that  of  the  cerebellum  being  the  organ  for  combining 
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tients.  A  hannonious  combination  cjf  muscular  octiouB  unite t  deiwud  as 
ion  the  csjjability  nif  appiveiatitig  the  eoinlitiuLi  of  the  muscles  with  regard 
%>  tJjeir  tension,  and  to  the  force  with  which  thej^  are  contracting,  as  on  the 
"jpc/wtT  which  any  sjiecial  nerve  centre  may  ixxtwi^fi  of  exciting  them  to  ctwtrac' 
tiim.  And  it  ia  because  the  power  of  Huch  hiirmonious  movement  would  be 
«qiiaU]r  loat.  wlietJier  the  injury  to  the  cerelwlhim  involved  injury  to  the  seat 
cf  moacular  sense,  or  to  tlie  centre  for  combining  mnscular  actions,  that  ex- 
penmentA  oo  the  subject  afford  no  proof  in  one  direction  more  than  the  other. 


1 H>V 


Forced  Movements. — The  influenco  of  each  half  of  tbo  eert'bdlum 
is  directcnl  to  inusrles  rm  tlie  op|iosile  .side  of  the  body;  and  it  would 
apf»ear  that  for  the  riglit  ordering  of  movements,  the  notions  of  its  two 
voB  mil  St  be  always  nintually  balaiieed  and  adjusted.  For  if  one  of  its 
ra,  or  if  the  pons  on  either  side  of  the  middle  line,  Ix*  divided,  80  as 
to  ent  off  from  Ihe  medulla  oblongata  and  spinal  cord  the  influence  of  one 
of  the  hemispheres  of  tlie  cerebellum,  strangely  disordered  movements 
ensue  (foreed  movemeutg).  The  aoimals  fall  down  on  the  side  opiMisite 
to  that  on  which  the  cms  cerebelli  has  been  divided,  and  then  roll  over 
continnoosly  and  repeatedly;  the  rotation  being  always  round  the  long 
axis  of  their  bodies,  and  generally  from  the  side  on  which  the  injury  has 
been  infliete<L  The  rotations  sometimes  take  place  with  mneh  rapidity; 
as  often,  according  to  Magendie,  as  sixty  times  in  a  minute,  and  may  hist 
(or  several  days.  Simitar  movements  have  been  observed  in  men;  as  by 
Serree  in  a  man  in  whom  there  was  apoplectic  effusion  in  the  right  erus 
cerebelli;  and  by  BelhoTome  in  a  woman,  in  whom  an  exostosis  pressed 
on  the  left  cms.  They  may,  perhaps,  be  explained  by  assuming  that 
the  division  or  injury  of  the  erus  cerebelli  produces  paralysis  or  imper- 
fect and  disorderly  movements  of  the  opposite  side  of  the  hody;  the 
anifnal  falls,  iind  then,  etrnggling  with  the  disordered  aide  on  the 
ground,  and  striving  to  rise  with  the  other,  pushes  itself  over;  and  so 
ignin  and  agaitj,  with  tlie  same  act,  rotates  itself.  Such  movements  cease 
when  the  other  erus  cerehclli  is  divided;  but  probably  only  because  the 
panUysis  of  the  body  is  thus  made  almost  complete.  Other  varieties  of 
forced  movements  have  been  observed,  especially  those  named  "  circus 
movements,"  when  the  animal  operated  upon  moves  round  and  round  in 
a  circle;  and  again  those  in  which  the  animal  turns  over  and  over  in  a 
9crie«  of  somcrs^mlta.  Nearly  all  these  movements  may  result  on  section 
of  one  or  other  of  the  following  parts;  viz.,  crura  cerebri,  medulla^ 
pons,  cerebellum,  corpora  quadrigemina,  corpora  striata,  optic  thalami, 
and  even,  it  is  said,  of  the  cerebral  hemispheres. 

PuNcnoKs  OP  TOE  Corpora  QrADBioEMiNA  and  Gknioolata. 

The  corpora  qnadrigemina  are  the  homologues  of  the  optic  lobes  in 
bird«,  amphibia^  and  flelies.     The  anterior  pair  may  be  regarded  as  the 
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principal  nerve-centres  for  visual  sensations,  the  posterior  possibly  witl 
auditory  sensation. 

Functions, — (1)  The  experiments  show  that  removal  of  the  anterior 
corpora  quadrigemina  wholly  destroys  the  power  of  seeing;  and  diseases 
in  wliich  they  are  disorganized  are  usually  accompanied  by  blindnm. 
Atrophy  of  them  is  also  often  a  consequence  of  removal  of  the  eyes. 
Destruction  of  one  of  the  anterior  corpora  quadrigemina  (or  of  one  optic 
lobe  in  birds)  produces  hemiopia  of  opposite  field  of  vision.  This  loaof 
sight  is  the  only  apparent  injury  of  sensibility  sustained  by  the  removal 
of  the  corpora  quadrigemina. 

The  (2)  removal  of  one  of  them  affects  the  movements  of  the  body, 
so  that  animals .  rotate,  Jis  after  division  of  the  crus  cerebri,  only  more 
slowly:  but  this  may  be  duo  to  giddiness  and  partial  loss  of  sight. 

(3)  The  more  evident  and  direct  influence  is  that  produced  on  the 
iris.  It  contracts  when  the  anterior  corpora  quadrigemina  are  irritated: 
it  is  always  dilatcKl  when  they  are  removed :  so  that  they  may  be  regarded, 
in  some  measure  at  least,  as  the  nervous  centres  governing  its  move- 
ments, and  adapting  them* to  the  impressions  derived  from  the  retina 
through  the  optic  nerves  and  tracts. 

(4)  The  centre  for  the  co-ordination  of  the  movements  of  the  eyes  is 
also  contained  in  them.  Tliis  centre  is  closely  associated  with  that  for 
contraction  of  the  pupil,  and  so  it  follows  that  contraction  or  dilatation 
follows  upon  certain  definite  ocular  movements. 

As  we  have  peen,  the  lateral  corpus  geniculatum  is  associated  on 
either  siile  with  the  anterior  corpus  quadrigeminum,  and  the  median 
corpus  geniculatum  with  the  posterior  corpus  quadrigeminum. 

77/ 6*  Sympathetic  System. — Having  in  the  preceding  chapters  com- 
pleted the  description  of  the  Cerebro-spinal  nervous  system  proper,  there 
remains  to  be  considered  the  structure  and  functions  of  the  so-calJed 
Sympathetic  nervous  system,  and  to  this  it  is  now  necessary  to  direct 
attention. 

It  should,  however,  be  distinctly  borne  in  mind  that  the  cerebro- 
spinal and  sympathetic  rystems  are  not  distinct  from  one  another.  The 
separation  of  tlie  one  from  the  other  may  be  considered  to  be  purely  for 
the  sjiko  of  convenience. 

Distribution. — It  consists  of:  (1)  A  double  chain  of  ganglia  and 
fibres,  wliich  extends  from  the  cranium  to  the  pelvis,  along  each  side  of 
the  vertebral  column,  and  from  which  branches  are  distributed  both  to 
the  cerebro-spinal  system,  and  to  other  parts  of  the  sympathetic  system. 
Witli  tlu'se  may  be  included  the  small  ganglia  in  connection  with  those 
branches  of  the  fifth  cerebral  nerve  which  are  distributed  in  the  neigh- 
borhood of  the  organs  of  special  sense:  namely,  the   Ophthalmic^  Otic, 
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K.-£>lammmatic  view  of  the 

■DOoraofther%ht  side-show- 

otioDs  with  ttie  principal 

.  nervw  &ii4  the  main  prao* 

aovtle  pfezuBM.     i(.     ^Frt/ta   yudin'd 
Abauxdj.) 

Qnvbro-«plna/  nnrtv*,- VI.,  a  portioa 
of  tlM  abctfi  cranial  a.*)  it  passes  tLroui^b 
the  caTemoiu  siuua,  nBceiviiig;  two  twiKS 
from  tbe  csrotid  plexus  of  the  Rympftthe> 
lie  tierve;  O,  ophthalmic  fcangiloQ.  oop- 
aected  by  a  twig  with  tlie  ciurotid  pltranis; 
M,  oonnoction  of  the  si^no-piJatioe 
gfUifiUtta  by  tile  Tidiao  nerre  with  th«» 
carotid  plexus;  C^cerwical  plexus;  Br, 
Imchlal  plexus;  DO.  sixth  Interei^aa 
nerve;  Dii,  twelfth;  L  ft,  third  Iduibiu- 
tiert«;  B 1,  first  lacral  nerve;  88,  thinJ; 
8 lit,  fifth;  Cr.  aDterior  crmral  DtTve;^^, 
|:n>at  sciatic ;  /m,  Ta,;^*^  in  the  lo vrer  part 
of  the  neck;  r,  recurront  avrve  wiuduij^ 
round  the  subclavian  artery. 

Bffmpathetic  C%ird  -  c»  superior  wrvi- 
Oiklj[aD^lkin ;  e^.  seooiHl,  or  middllf ;  t  ;  in 
flsrior:  m>ai  csocb  of  thene  s»ni:lia  car  illjic 
ii«rr«s  (all  deep  oo  thbi  side )  are  seen  de- 
noendtng  to  toe  c&rdiae  plexia«;  d  h 
lilnesd  bnmediately  br^low  the  ltr>it  donml 
mnnalbetic  g^aneliot);  d  0,  in  oppoeite 
tiienjcth;  / 1.  ArRi  luralmr  j^nm^lJoD;  c  g, 
the  teriDmal  t>r  c(«X'>g*fal  firuni^tion. 

Ptttwjrtic and  Viscerai PlexttAej^.—pp, 
pibaryDgtMU,  and,  lower  down,  J&i7ti|7«Al 
plexus;  pt^  post-puluionary  plexus 
nmaditiif  frotn  the  vagus  on  the  mck  of 
toe  rii^ht  DroQcbu»;  ca^  on  the  aorta,  the 
Cftrdlac  plexuSf  towards  which,  inadditiiiin 
ID  the  cardiac  nerveafrom  the  three  cer- 
Tlcal  sympathetic  iinuiKli&i  other  h ranch- 
es are  seen  descending  from  the  van^tji 
and  recurrent  nervce:  co,  right  or  poite- 
rfor  and  ro'.  left  or  ant.  coronary  plexus; 
o,  cBsopiiojt^^al  pirxim  iu  loug  me«heH  on 
the  ipillft;  r/i,  pvat  Bplanchnio  nerve 
formed  by  braiione*i  from  i lie  fifth,  lilxth, 
eeveotk.ei|!:hth.aiid  tilntli  dorntd  ganglia; 
-f,  imall  splaiici^mc  fn^in  the  ninth  aiicl 
tenth;  +  -f ,  snialtest  or  thini  ^piaucbnio 
froiB  the  ele  v  tni  t  h ;  the  tl  rst  an  d  second  of 
Ih^ie  are  shown  ]•  ininjr  the  Kolnr  plexoB. 
so;  the  tbiitl  de^'eiiding  to  thtft  renal 
plfonia,  re:ctmnectln>?  1!jriiiieh**»  between 
the  soW  plexuj^  and  the  yac^  are  also  rei> 
reaented:  pfi%  above  thtf  place  wlierethe 
right  vagus  ps  wnrii  to  the  lower  or  pos- 
terior surface  of  the  stomach ;  pn'\  tho 
left  dl^ributed  on  the  antei-tor  or  upper 
surface  of  the  c&rdiai-  yMirtIi>n  of  the  or- 
gan: from  the  solar  plexus  large  branch- 
es are  seen  stuToundltig  the  arterieH  of 
the  ooeUac  axK  and  cfefH^ndlug  to  m  s , 
the  sup,  me*nteric  plexus;  oppO(tit«  to 
this  ia  an  lDdicalk>n  of  the  suprarenal 
plexus;  below  r  e.  <  the  renal  plexus t^  the 
flpermatic  plexus  Ih  tilHo  Indicated ;  a  o,  on 
trie  fr(>Dtof  the  aorta,  m  arks  the  aiirltc 
nlexufi.  fonned  hy  iterveH  <lt-H4?eudirig 
from  the  solar  and  snp.  meiseiiterir  plex- 
Ufiea  and  from  thiia  lumbar  ganglia;  mi^ 
thi^  inf  mesenfi»ricj>lexuB  surrounding 
thecorresiKiudingartery ;  ftf,  bjpuRaHtt  ic 
plexus  placed  lueiween  the  common  iliac 
▼easels,  connected  above  with  the  aortic 
pliocuA,  receiving  nerves  from  the  lower 
lumbar  ganglia,  and  dividing  belnw  Into 
the  right  and  l<"ft  nclvic  or  inf.  hy  fwigaa 
trie  plexusett;  pt,  the  right  pelvic  plexntt; 
from  this  the  nerve»dej*tviidingart*  join- 
ed by  tboBe  fri)tii  the  plexiiA  on  the  Hiip. 
heinorrhoidal  veas^els,  m  i\hy  nerves  from 
the  sacral  gaui^lia,  an<l  hy  vi>-eer^l 
nerrea  from  tli»*  thin!  ami  fourth  Nacral 
spinal  nerved  and  tliere  are  thus  foniii!»l 
the  racial,  vesical,  and  other  plexu^e^ 
rectum  ami  biadiJer. 
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Splieno'paJttline  and    SnhmnxiUary  ganglia.     {%)  Variona   ganglia 
plexuses  of  nerve-fibres  which  give  off  branches  to  the  thoracic  iiml 
doniiDttl  viae^ra,  the  chief  of  such  plexuses  being  the  Cardiae,  Mar^ 
uikJ  Ihfpoffndric;  but  iiiintimateconnoctioii  with  thesi^  are  n  oni* 

my  plexuses,  m  the  Aortic^  8im'maiit\  and  KeniiL  1V>  tii  ,  '^*Mkj 
libres  pass  from  the  prffivertebral  chain  of  ganglia,  m  well  an  from  eerebi 
8]>iiial  nerves,  (*1)  Various  ganglia  and  plexuses  in  the  substanc/e 
iiuLuy  of  the  viscera,  as  in  tlie  Slomach^  Intestines^  and  Vrifiary  hhitUiir* 
These,  whieh  are,  for  the  most  part,  microscopic,  also  freely  comniuDv 
cate  with  otlier  parts  of  the  Rjriipiithetie  system,  aa  well  as,  to  aon)e<?ic< 
tent,  with  the  cerebro-spinal  (4)  Bj  many,  tlie  ganglia  on  the  Pt^n^ 
icrior  rmh  (^  ihs  spinal  nerves^  on  the  (nmmphat'ynffenl  and  %'a^u$^  uiil 
on  the  l^enmrtf  root  of  the  Fifth  cerebral  nerre  (Oasflerian  ganglion),  ars^ 
also  included  as  sympathetic-nerve  etructures. 

Ci(fssiJicali6n,—(im\L^lV^  researches  luive  suggissted  a  ct>nv<>m€«i1 
classification  for  the  sympathetic  ganglia  iuti):  (1.)  The  main  Bvnipi 
thetic  chain,  extending  from  al>ove  downward,  in  tho  form  of  connf!ck4 
ganglia  lying  upon  the  bodies  of  the  vertebrae,  whidi  may  lye  cjill 
lateral  or  VM-tehnil  ganglia.     (2),   A  more  or  less  distinct  Hi  »'Tcn 

tobral  in  position,  consieting  of  the  semi-lunar,  inferior  nn.  -  uid: 

similar  plexuses,  which  may  be  oalletl  vnllaternl  ganglia.  (3-)  QangUi 
situated  in  the  organs  and  tissncs  themselvTs,  called  if^mintd  giinglta^ 
(4.)  Thu'  (faiif/h a  of  the  posterior  roots  of  the  spinal  nerves. 

Tlie  connection  between  tbeee  part^  is  as  follows:  the  visceral  hranch 
or  ramus  cnmmunionns  of  ea<-h  spinal  nerve,  which  is  one  of  the  dtfi* 
Bions  of  a  typical  spinal  nerve — ihc  uthers  being  the  dorsal  and  ventnj 
— passes  firfft  of  all  into  the  lateral  chain ;  from  this  chain  branches 
rami  efferenteK  pass  into  the  collateral  ganglia,  and  from  thesie  again 
other  branches  pass  off  into  the  organs  to  end  in  the  terminal  ganglia. 
In  the  thoracic  region  the  rami  communicantes  are  cewi posed  of  two  parts, 
wliite  and  gray.  The  former  can  1k^  trarcd  backward  into  l>oth  spinal 
nerve-roots  of  their  eoiresponding  spinal  nerve ;  and  in  the  other  direc- 
tion partly  into  the  lateral  Kynipathetic  chai*n,  and  partly  into  th^  gn?at 
splimclmic  nerves  and  so  into  the  collateral  ganglia  ^rithont  ent^^ring 
the  lateral  chain  at  alh  The  npper  irhite  rami  (from  the  2nd  to  the 
5th),  however,  proceed  upward  and  join  the  superior  cervical  gangli<^ 
instead  of  passing  downward  into  the  splanchnics.  Other  branches  go 
downward  into  the  lumbar  and  sacral  plexuses.  The  gray  rami  of  all 
the  spinal  nerves  are  the  only  apparent  representatives  of  the  risceral 
hranchee  in  the  regions  above  the  2nd  thoracic  nei've-root,  and  \y^\m 
the  2nd  lumbar  nerve-root,  with  the  exception  of  the  roots  of  the  2ijd 
and  3rd  sacral  nerves,  which  have  also  white  rami,  and  consist  of  ncm- 
nicdullated  fibres,  and  pass  from  tVk^  ??tt\%\\flL  Vi  \^  dktrlbnted  chiefly  to 
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rflie  spinal  column,  to  the  Bpitial  membranes  aud  to  the  spinal  nerve-roots 
V    I      *ve8.     We  innst  look  upon  the  white  nimi  then  as  the  viBceral 
-  proper. 
A  peculiarity  in  the  strnct^re  of  these  white   medullatetl  viseonil 
is  the  fineness  of  their  fibres.     They  are  ji  third  or  a  fourth  of  the 
ietiT  of  ordinary  meihdhited  fibres,  measuring  l.Hft  to  2.7/t  instead 
of  14.4/1  to  19/K     Such  fibres  are  a  peculiarity  of  the  gpiua!  nerve-roots 
chiefly  in  the  thoraf- ic  region,  but  they  are  also  found  in  the  second  and 
third  sacral  nervcjs,  and   constitute  there  the  tterri  en'f/titfes  whu-h  i}iiss 
directly  to  the  hypogastric  plexus,  and  not  first  of  all  into  the  lateral 
chain.       From    this    ph^xus    hrauches    jiass  upward    into    tlio  inferior 
liie:senteric  ganglia  and  downward  to  tlic  bladder,  rectum  and  generative 
orgAiis,     These  nerves,  called  by  Ga^kull /j<!'/i'*V  splanehnk  nerves?,  differ 
from  the  rami  visccrales  of  the  thoracic  region  only  in  not  communicat- 
ing with  the  lateral  ganglia;  the  brauchi'S  which  puss  upward  from  the 
thonifTic   region  to  the    neck,    he   calls    rer viral  splnnrhnirH^  and  the 
fi|ilanchnics  proper  ahhminal  sphmrhnirs.     The  white  rami  visre rales  of 
the    npper  cervical   and   cervico- cranial   regions  do  not   run  with  their 
oorresjiondiDg  gray  rami,  but  form,  Gaskell  thinks,  the  internal  branch 
of   the  spinal  accessory  nerve,   which  contains  small    medullated  fibres 
^imilar  to  those  of  the  visceral  lirauehea  in  the  thoracic  regitjn.     This 
inch  passes  into  the  ganglion  of  the  tnmk  of  the  vagus.     Small  visceral 
exist  ttx>  in  the  root«  of  the  vagus,  and  in  those  of  the  glosso-pharyn- 
lin  connection  with  the  ganglion  of  the  trunk  and  ganglion  petrosum, 
as  well  BB  in  the  chorda  tympaui,  in  the  small  petrosal  and  in  other 
inial  visceral  nerves, 
Futwtioiis. — The  researches  of  Gaskell  have,  howerer,  done  much  to 
clear  up  the  former  confusion  as  to  the  functions  of  the  sympathetic; 
and  in  the  following  account  the  description  of  the  functions,  as  given 
ity  that  observer,  is  followed. 

The  efferent  nerve  fibres  of  the  sympathetic  system  supply  {a)  the 
'muscles  of  the  vascular  system,  to  which  they  send  vaso-motor  fibres, 
i.e.,  vaso'Consiiirinr  and  tardiitc  ttutjuipntor  or  accelerator^  and  vaso*in* 
I       hihitory  fibres,  i.f.,  vam-dtMor  atul  cardiac  inhibitortf;  {b)  the  visceral 

KlUSCles,  to  which    they  send  both    tnsrero-mohr  and  t'iscerthVihiHiory 
l>rt*s,     (r)  The  secretory  gland-cells, 
(ii)  L    Vam-nwioror  Vam-eomtrirtor  and  Cardio-atigmenior  Fibres, — 
*hevnS4»- motor  nerves  for  all  parts  of  the  lx)dy  come  from  the  central  ner- 
j       vonsBystem,  and  pass  out  from  the  spinal  cord  in  the  white  rami  viscerales 
of  the  thonicic  region  from  tlie  second  thoracic  to  the  second  lumbar  nerve- 
'       roots  inclusive,  as  fine  medullated  fibres;  they  then  pass  to  the  lateral  or 
nuiin  sympathetic  chain,  become  non -medullated,  and  aredij^trihuted  to 
their  muscles  either  directly  or  through  terminal  ganglia.     Thus  the  aug- 
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mentor  nerves  of  the  heart  arise  in  the  thoracic  rami,  pasd  upward 
through  the  ganglion  stellatum  (first  thoracic  ganglion),  the  annulusof 
Vieussens  and  the  inferior  cervical  ganglion,  and  are  distributed  to  the 
heart;  the  vaso-motor  roots  of  the  brachial  plexus,  in  the  anterior  rootg 
of  the  second  and  lower  thoracic  nerves,  and  reach  that  plexus  by  the 
same  ganglion ;  the  vaso-motor  nerves  of  the  foot  leave  the  spinal  cord 
high  up,  and  reach  the  sympathetic  lateral  ganglia  above  the  origin  of 
the  sciatic  nerve,  into  which  they  pass  through  the  abdominal  sympa- 
thetic. In  all  cases  the  nerves  lose  their  medulla  in  the  ganglia. 
Similarly  the  vaso-motor  nerve  supply  for  the  blood-vessels  of  the  head 
and  neck  and  of  the  abdomen  is  derived  from  the  cervical  and  abdominal 
splanchnics  respectively,  or  from  the  corresponding  rami  efferentes  of 
the  upper  lumbar  ganglia. 

The  lateral  sympathetic  chain  Gaskell  proposes  to  call  the  chain  of 
va^o-motor  ffanz/lia. 

ii.  VcisO'inJdhitory  or  Vaso-dilatar^  and  Cardia-inhibitory  Fibres.— 
Of  these,  which  are  doubtless  as  widely  distributed  as  the  vaso-motor 
fibres,  we  have  distinct  proof  in  the  existence  of  fibres  separate  from 
vaso-motor,  e.g.y  in  the  inhibitory  nerve  of  the  heart,  the  cardio- vagus; 
in  the  chorda  tympani ;  in  the  small  petrosal,  and  in  the  nervi  erigentes. 

These  nerve-fibres,  as  far  as  we  know  at  present,  leave  the  central 
nervous  system  among  the  fine  medullated  nerves  of  the  cervico-cranial 
and  sacral  rami  communicantes,  do  not  enter  the  lateral  ganglia,  but 
pass  without  losing  their  medulla  into  the  collateral  or  terminal 
ganglia. 

(Z>.)  i.  Viscero-motor  Fibres. — These  fibres,  upon  which  depend  the 
peristaltic  movements  of  the  thoracic  portion  of  the  oesophagus,  and  of 
the  stomach  and  intestines,  arise  from  the  central  nervous  system,  as 
the  fine  medullated  fibres  of  the  upper  portion  of  the  cervical  region,  not 
in  the  spinal  nerve-roots  of  that  region,  but  as  the  bundles  of  fibres 
which  may  be  ojillcd  the  rami  viscerales  of  the  vagus  and  accessory  nerves. 
They  i)jiss  to  the  ganglion  of  the  trunk  of  the  vagus,  where  they  lose 
their  medulla. 

ii.  yiscero-Inhihitonj  Fibres, — It  appears  that  the  nerve  supply  to 
the  circular  muscles  of  the  alimentary  canal  and  its  appendages,  is  con- 
tained in  the  abdominal  splanchnics,  and  consists  of  those  fibres  which 
have  not  passed  through  the  lateral  chain,  and  which  therefore  retain 
their  medulla  until  they  reach  the  proximal  or  collateral  chain. 

{c)  Glandular  Nerve- Fibres, — A  double  nerve  supply,  in  all  proba- 
bility coinciding  with  the  supply  to  the  visceral  muscles,  has  been 
demonstrated  in  the  cases  of  the  submaxillary,  parotid,  and  lachrymal 
glands,  and  in  these  cases  the  course  of  the  fibres  is  very  similar  to 
that  of  the  corresponding  fibres  for  the  vaso-muscular  supply.     Thus 
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ilie  sympathetic  supply  for  tliese  glands  passes  along  with  the  vaso- 
tnotor  fibrtss  from  the  cervical  splanchnit"  (or  sympathetic  trunk),  and 
superior  cerrieul  ganglion;  while  the  cerebro-gpinal  supply  conieis  from 

;      the  rwni  yiseerales  of  the  cranial  nenres  in  conjimction  with  the  vaso- 

I     dtiator  fibres. 

^  C\miral  Origin   of  the    Rami  Vhrerales, — There  appears  to  be  the 

etrongest  presumption  that  the  white  rami  of  the  thoracic  region  arise 
in  the  spinal  cord  in,  or  are  connected  with,  the  cells  of  the  posterior 
Yeaiculai-  colunm  of  Clarke.  This  conclosioii  h  baaed  mioB  the  fact  that 
these  special  cells  are  found  in  the  three  regions  already  mentioned,  and 
iu  thcit^  only  where  the  white  rami  of  tine  mcdiillated  fibres  exist,  vi^., 
in  ilie  cervico-cranial  regions,  in  the  spinal  aueessory,  in  the  thurae.ic 
region,  and  in  the  sacral  region.  But  it  is  probable  that  tlie  fibres  are 
ttlso  courieeted   wilh   the  rv]h  of  the  hit-eral  horn  of  the  tfniy  Joatter  of 

I       the  spinal  cord,  and  itn  representative  in  the  irnMhtlla,  the  antero-lateral 

^hiuclens  of  Clarke. 

^H       In  a  paper  supplementary  to  his   llrst  aecoiiTit  of  the  sytnpathetic 

^ftystem,  Gaskell  tniced  the  nerve  fibres  of  the  anterior  nerve  root^  to  the 
Tariona  groups  of  nerve  calls  in  the  spinal  cord  thus:     (i,)  Efferent 

»       nerves  to  somatic  nniseles  arise  from  group  of  eells  of  anterior  cornua; 

I  (ii,)  efferent  nerves  to  striated  sphmelnne  nuij^jles  fium  cells  of  tlie  trae- 
tus  intermedio-lateralis.      (iii- )  Anabolic  or  inhibitory  nerves  to  glands, 

,  mnscde-sof  viscera,  and  vesaelsof  splanchni<"!  system  from  cells  c»f  Clarke's 
column;  (iv.)  motor  nerves  to  visceral  ujust^les  from  solitary  cells  at  the 
baae  of  the  posterior  cornu ;  and  (v. )  motor  or  catabolic  nerves  to  glands 
and  vasi'ular  muscles  from  small  crlis  of  the  lateral  rornn. 

Structure  and  Functions  of  the  Ganglia.— The  sympathetic 
lia  all  contain — (1.)  nerve-tibrea  traversing  them;  (2.)  nerve-fibres 
originating  in  them,  (3.)  nerve  or  ganglion-corpuscles,  giving  origin  to 
the^^e  fibrin;  and  (4.)  other  eorpuseles  that  ap[>ear  free.  In  the  sym- 
pathetic ganglia  of  the  frog,  ganglion-e^jlk  of  a  very  cornplic4ited  struc- 
liire  have  lH.'en  ilescribiHl  by  liealc,  and  subsequently  by  Arnold.  The 
celU  arc  ineloscd  each  in  a  nucleated  capsule :  they  are  pyriform  in  shape, 
and  from  the  i>ointtjd  end  two  fibres  are  given  off,  which  gnidnally 
acquire  the  characters  of  nerve-fibres,  one  of  them  is  straight,  and  th© 
Cither  (which  sometimes  arises  from  the  cell  by  two  HMjts)  is  s]ji rally 
ooilfxl  around  it. 

According  Uj  Oaskell  the  functions  of  the  main  sympathetic  ganglia 
are  the  following:— (L)  Tlicy  effect  the  conversion  of  medullated  into 
DQU-medullated  fibres;  (2.)  They  possess  a  nutritive  influence  over  the 
nerves  which  pass  from  them  t^  the  periphery;  (3.)  They  increase  the 
tiumlier  of  fibres  at  tlie  sjmte  tluii'  as  tbcv  cause  the  removal  uf  the 
medulla.     Aa  regards  their  possession  of  the  usual  pro{>ertio8  of  nerve- 


040  HANDBOOK   OF   PHT8IOLOOT. 

centres  little  or  nothing  is  certainly  known.  It  appears  unlikely  that 
they  possess  the  reflex  functions  of  the  spinal  centres. 

As  a  contribution  toward  the  explanation  of  the  nervous  mechanism 
of  nutrition  comes  in  Gaskell's  theory  of  katabolic  and  anabolic  nervea. 
He  supposes  that  every  tissue  is  supplied  with  two  sets  of  nerves,  the 
former  of  which  corresponds  with  the  motor  nerve,  the  viscero-motor 
and  the  cardio-augmentor,  by  the  stimulation  of  which  an  increase  of 
the  metabolism  takes  place,  and  which  is  followed  by  exhaustion.  It 
may  be  accompanied  either  by  contraction  of  a  muscle  or  by  an  increase 
of  contraction.  Such  a  nerve  is  excellently  illustrated  by  the  sympa- 
thetic augmentor  or  accelerator  nerve  of  the  heart,  on  stimulation  of 
which  an  increase  in  the  force  and  frequency  of  the  heart  takes  place, 
followed  after  a  time  by  exhaustion.  A  katabolic  nerve  stimulates  the 
destructive  metabolism  which  is  always  going  on  in  a  tissae.  The 
anabolic  nerve  is  the  exact  opposite  of  the  katabolic  nerve  in  function. 
It  subserves  constructive  metabolism.  Stimulation  of  the  nerve  pro- 
duces diminished  activity,  repair  of  tissue  and  building  up.  An  exam- 
ple of  this  kind  of  nerve  is  seen  in  the  cardiac  vagus,  stimulation  of 
which  produces  inhibition.  Inhibition  must  generally  be  looked  upon 
as  an  anabolic  process. 

It  will  be  seen  that  the  results  of  stimulation  of  the  nerves  to  the 
salivary  glands,  discussed  in  a  former  chapter,  appear  to  support  the 
theory,  that  the  processes  of  constructive  and  destructive  metabolism 
are  under  the  control  of  separate  nerve-fibres.  In  the  case  of  the  sub- 
maxillary gland  for  example,  if  the  sympathetic  fibres  be  stimulated,  a 
l:atabolic  effect  is  produced,  and  the  materials  of  secretion  are  formed  at 
the  expense  of  the  protoplasm  (this  action  in  the  case  of  the  gland 
Heidenhain  calls  trophic) ;  if  on  the  other  hand  the  chorda  tympani  or 
the  secretory  nerve  be  stimulated,  two  things  happen,  one  being  the 
discharge  of  water  and  the  materials  of  secretion  from  the  gland  cells, 
and  the  other  the  building  up  or  reconstruction  of  the  protoplasm  of  the 
cells.  A  part  of  this  action  at  any  rate  is  anabolic,  and  similar  to  the 
action  of  inhibitory  nerves. 


CHAPTER    XYIL 

THE    SENSES. 

General  Considerations. — Through  the  medium  of  the  nervous  sys- 
tem the  mind  obtains  a  knowledge  of  the  existence  both  of  the  various 
parts  of  the  body,  and  of  the  external  world.  This  knowledge  is  based 
upon  sensations  resulting  from  the  stimulation  of  certain  centres  in  the 
brain,  by  irritations  conveyed  to  them  by  afferent  nerves.  Under  normal 
circumstances,  the  following  structures  are  necessary  for  sensation:  (a) 
A  peripheral  organ  for  the  reception  of  the  impression ;  (h)  a  nerve  for 
conducting  it;  (c)  a  nerVe-centre  for  feeling  or  perceiving  it. 

Classification  of  Sensations, — Sensations  may  be  conveniently  classed 
as  (1)  common  and  (2)  special. 

(1.)  Common  Sensations.— Under  this  head  fall  all  those  general 
sensations  which  cannot  be  distinctly  localized  in  any  particular  part  of 
the  body,  such  as  fatigue,  discomfort^  faintness^  satiety^  together  with 
hunger  and  thirsty  in  which,  in  addition  to  a  general  discomfort,  there  is 
in  many  persons  a  distinct  sensation  referred  to  the  stomach  or  fauces. 
In  this  class  must  also  be  placed  the  various  irritations  of  the  mucous 
membrane  of  the  bronchi,  which  give  rise  to  coughing,  and  also  the 
sensations  derived  from  various  viscera  indicating  the  necessity  of  ex- 
pelling their  contents;  e,g,^  the  desire  to  defaecate,  to  urinate,  and,  in 
the  female,  the  sensations  which  precede  the  expulsion  of  the  foetus. 
We  must  also  include  such  sensations  as  itching,  creeping,  tickling, 
tingling,  burning,  aching,  etc.,  some  of  which  come  under  the  head  of 
pain:  they  will  be  again  referred  to  in  describing  the  tactile  sense.  It 
is  impossible  to  draw  a  very  clear  line  of  demarcation  between  many  of 
the  common  sensations  above  mentioned,  and  the  sense  of  touch,  which 
forms  the  connecting  link  between  the  general  and  special  sensations. 
Touch  is,  indeed,  usually  classed  with  the  special  senses,  and  will  be 
considered  in  the  same  group  with  them;  yet  it  differs  from  them  in 
being  common  to  many  nerves.  Among  common  sensations  some  would 
rank  the  muscular  sense,  which  has  been  already  alluded  to.  It  is  by 
means  of  this  sense  that  we  become  aware  of  the  condition  of  the  mus- 
cles, and  thus  obtain  the  information  necessary  for  their  adjustment  to 
various  purposes — standing,  walking,  grasping,  etc.  This  muscular 
sensibility  (to  which  we  shall  again  refer)  is  shown  in  our  power  to  esti- 
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mate  the  differences  between  weights  by  the  different  muscnlar  efforts 
necessary  to  raise  them.  It  must  be  carefully  distinguished  from  the 
sense  of  contact  and  of  pressure,  of  which  the  skin  is  the  organ.  When 
standing  erect,  we  can  feel  the  ground  (contact),  and  further  there  h  a 
sense  of  pressure,  due  to  our  feet  being  pressed  against  the  groaiid  by 
the  weight  of  the  body.  Both  these  are  derived  from  the  skin  of  the 
sole  of  the  foot.  If  now  we  raise  the  body  on  the  toes,  we  are  conscions 
(muscular  sense)  of  a  muscular  effort  made  by  the  muscles  of  the  calf, 
which  overcomes  a  certain  resistance. 

(2.)  Special  Sensations. — Including  the  sense  of  touch,  the  special 
senses  are  five  in  number — Touch,  Taste,  Smell,  Hearing,  Sight. 

The  most  important  distinction  between  common  and  special  sensa- 
tions is  that  by  the  former  we  are  made  aware  of  certain  conditions  of 
various  parts  of  our  bodies,  while  from  the  latter  we  gain  our  knowledge 
of  the  external  world  also.  This  difference  will  be  clear  if  we  compare 
the  sensations  of  pain  and  touch,  the  former  of  which  is  a  common,  the 
latter  a  special  sensation.  "  If  we  place  the  edge  of  a  sharp  knife  on 
the  skin,  we  feel  the  edge  by  means  of  our  sense  of  touch ;  we  perceive 
a  sensation,  and  refer  it  to  the  object  which  has  caused  it.  But  as  soon 
as  we  cut  the  skin  with  the  knife,  we  feel  pain,  a  feeling  which  we  no 
longer  refer  to  the  cutting  knife,  but  which  we  feel  within  ourselves, 
and  which  communicates  to  us  the  fact  of  a  change  of  condition  in  our 
own  body.  By  the  sensation  of  pain  we  are  neither  able  to  recognize 
the  object  which  caused  it,  nor  its  nature." 

In  studying  the  phenomena  of  sensation,  it  is  important  clearly  to 
understand  that  the  sensoriiim^  or  seat  of  sensation,  is  in  the  brain,  and 
not  in  the  particular  organ  through  which  the  sensory  impression  is  re- 
ceived. In  common  parlance  wo  are  said  to  see  with  the  eye,  hear  with 
the  car,  etc.,  but  in  reality  these  organs  are  only  adapted  to  receive 
impressions  which,  being  conducted  to  the  sensorium,  through  their  re- 
spective nerves  give  rise  to  sensation. 

Ileneo,  if  the  optic  nerve  is  severed,  vision  is  no  longer  possible: 
since,  although  the  imago  falls  on  the  retina  as  before,  the  sensory  im- 
pression can  no  longer  be  conveyed  to  the  sensorium.  When  any  given 
sensation  is  felt,  all  that  we  can  with  certainty  affirm  is  that  some  part 
of  the  brain  is  excited.  The  exciting  cause  may  be  some  object  of  the 
external  workl,  producing  an  ohjective  fienmtion;  or  the  condition  of  the 
sensorium  may  bo  duo  to  some  excitement  within  the  brain  itself,  in 
which  ciise  the  sensation  is  termed  suhjeiiive.  The  mind  habitually  re- 
fers sensations  to  external  causes ;  and  hence,  whenever  they  are  subjec- 
tive we  can  hardly  divest  ourselves  of  the  idea  of  an  external  cause,  and 
an  illusion  is  the  result. 

Numberless  examples  of  such  illusions  might  be  quoted.      As  familial 
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cases  may  be  mentioned,  humming  and  buzzing  in  the  ears  caused  by 
some  irritation  of  the  auditory  nerve  or  centre,  and  even  musical  sounds 
and  voices  (sometimes  termed  auditory  spectra) ;  also  so-called  optical 
illusions:  objects  are  described  as  seen,  although  not  present.  Such 
illusions  are  most  strikingly  exemplified  in  cases  of  delirium  tremens  or 
other  forms  of  delirium,  and  may  take  the  form  of  cats,  rats,  creeping 
loathsome  forms,  etc. 

Causes  of  Illusions, — One  uniform  internal  cause,  which  may  act  on 
all  the  nerves  of  the  senses  in  the  same  manner,  is  capillary  congestion. 
This  one  cause  excites  in  the  retina,  while  the  eyes  are  closed,  the  sensa- 
ions  of  light  and  luminous  flashes;  in  the  auditory  nerve,  the  sensation 
of  humming  and  ringing  sounds;  in  the  olfactory  nerve,  the  sense  of 
odors;  and  in  the  nerves  of  feeling,  the  seusation  of  pain.  In  the  same 
way,  also,  a  narcotic  substance  introduced  into  the  blood,  excites  in  the 
nerves  of  each  sense  peculiar  symptoms:  in  the  optic  nerves,  the  appear- 
ance of  luminous  sparks  before  the  eyes;  in  the  auditory  nerves,  tinnitus 
aurium;  and  in  the  common  sensory  nerves,  the  sensations  of  creeping 
over  the  surface.  So,  also,  among  external  causes,  the  stimulus  of  elec- 
tricity, or  the  mechanical  influence  of  a  blow,  concussion,  or  pressure, 
excites  in  the  eye  the  sensation  of  light  and  colors;  in  the  ear,  a  sense 
of  aloud  sound  or  of  ringing;  in  the  tongue,  a  saline  or  acid  taste;  and 
in  the  other  parts  of  the  body,  a  perception  of  peculiar  jarring  or  of  the 
mechanical  impression,  or  a  shock  like  it. 

Experiments  seem  to  have  proved,  however,  that  none  of  the  nerves 
of  special  sense  possess  the  faculty  of  common  sensibility. 

Perceptians. — The  habit  of  constantly  referring  our  sensations  to  ex- 
ternal causes,  leads  us  to  interpret  the  various  modifications  which 
external  objects  produce  in  our  sensations,  ^8  properties  of  the  external 
bodies  themselves.  Thus  we  speak  of  certain  substances  as  possessing  a 
disagreeable  taste  and  smell ;  whereas,  the  fact  is,  their  taste  and  smell 
are  only  disagreeable  to  us.  It  is  evident,  however,  that  on  this  habit 
of  referring  our  sensations  to  causes  outside  ourselves  (perception),  de- 
pends the  reality  of  the  external  world  to  us;  and  more  especially  is  this 
the  case  with  the  senses  of  touch  and.  sight.  By  the  co-operation  of 
these  two  senses,  aided  by  the  others,  we  are  enabled  gradually  to  at- 
tain a  knowledge  of  external  objects  which  daily  experience  confirms, 
until  we  come  to  place  unbounded  confidence  in  what  is  termed  the 
evidence  of  the  senses.  ^ 

Judgments, — We  must  draw  a  distinction  between  mere  sensations, 
and  the  judgments  based,  often  unconsciously,  upon  them.  Thus,  in 
looking  at  a  near  object,  we  unconsciously  estimate  its  distance  and  say 
it  seems  to  be  ten  or  twelve  feet  off:  but  the  estimate  of  its  distance  is 
in  reality  a  judgment  based  on  many  things  besides  the  appearance  of 
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the  object  itself;  among  which  may  be  mentioned  the  number  of  inter- 
vening objects,  the  number  of  steps  which  from  past  experience  we 
know  we  must  take  before  we  could  touch  it,  and  many  others. 

The  Special  Senses. 

I.  Touch. 

Seat, — The  sense  of  touch  is  not  confined  to  particular  parts  of  the 
body  of  small  extent,  like  the  other  senses;  on  the  contrary,  all  parts 
capable  of  perceiving  the  presence  of  a  stimulus  by  ordinary  sensation 
are,  in  a  certain  degrees,  the  seat  of  this  sense;  but  touch  should  not  be 
considered  as  a  mere  modification  or  exaltation  of  common  sensation  or 
sensibility.  For  although  the  nerves  on  which  the  sense  of  touch  de- 
pends, are  the  same  as  those  which  confer  ordinary  sensation  on  the 
different  parts  of  the  body,  viz.,  those  derived  from  the  posterior  roots 
of  the  nerves  of  the  spinal  cord,  and  the  sensory  cerebral  nerves,  yet  it 
seems  probable  that  the  nerve-fibres  which  subserve  the  special  sense  of 
touch  are  provided  with  special  end  organs. 

All  parts  of  the  body  supplied  with  sensory  nerves  are  thus,  in  some 
degree,  organs  of  touch,  yet  the  sense  is  exercised  in  perfection  only  in 
those  parts  the  sensibility  of  which  is  extremely  delicate,  «.<jr.,  the  skin, 
the  tongue,  and  the  lips,  which  are  provided  with  abundant  papilla. 
A  peculiar  and,  of  its  own  kind  in  each  case,  a  very  acute  sense  of  touch 
is  exercised  through  the  medium  of  the  nails  and  teeth.  To  a  less  extent 
the  hair  may  be  reckoned  an  organ  of  touch;  as  in  the  case  of  the  eye- 
lashes. The  sense  of  touch  renders  us  conscious  of  the  presence  of  a 
stimulus,  from  the  slightest  to  the  most  intense  degree  of  its  action,  bv 
that  indescribable  something  which  we  call  feeling,  or  common  sensa- 
tion. The  modifications  of  this  sense  often  depend  on  the  extent  of  the 
parts  affected.  The  sensation  of  pricking,  for  example,  informs  us  that 
the  sensitive  fibres  are  intensely  affected  in  a  small  extent;  the  sensation 
of  pressure  indicates  a  slighter  affection  of  the  parts  in  the  greater  ex- 
tent, and  to  a  greater  depth.  It  is  by  the  depth  to  which  the  parts  are 
affected  that  the  feeling  of  pressure  is  distinguished  from  that  of  mere 
contact. 

Varieties. — (a)  The  sense  of  touch  proper,  tactile  sensibility  or  pres- 
sure, (h)  temperature.  These  when  carried  beyond  a  certain  degree  are 
merged  in  the  sensation  of  {c)  pain. . 

Touch  proper. — In  almost  all  parts  of  the  body  which  have  deli- 
cate tactile  sensibility  the  epidermis,  immediately  over  the  papillae,  is 
moderately  thin.  When  its  thickness  is  much  increased,  as  over  the 
heel,  the  sense  of  touch  is  very  much  dulled.  On  the  other  hand,  when 
it  is  altogether  removed,  and  the  cutis  laid  bare,  the  sensation  of  con- 
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tact  is  replaced  by  one  of  pain.  Further,  in  all  highly  sensitive  parts, 
the  papillaB  are  numerous  and  highly  vascular,  and  the  sensory  nerves 
are  connected  with  special  end-organs  which  have  been  described  p.  97 
et  seq. 

The  special  endings  of  the  nerves  which  have  to  do  with  touch  may, 
however,  be  here  again  mentioned.  They  are  of  two  kinds,  viz.,  (a) 
touch  corpuscles^  which  are  found  chiefly  in  the  hands  and  feet,  particu- 
larly on  the  palmar  surface  of  the  hands  and  Angers,  but  also  on  the 
under  surface  of  the  forearm,  nipple,  eyelids,  Ups,  and  genital  organs. 
Touch  corpuscles  are  situated  in  the  cutis  vera,  (b)  end  bulbsj  which 
are  found  in  conjunctivsB  and  other  mucous  membranes,  the  lips,  genital 
organs,  tongue,  rectum,  and  elsewhere,  but  not  in  the  skin  proper.  As 
regards  the  Pacinian  corpuscles  and  similar  end-organs,  which  are  so 
widely  distributed,  and  which  may  be  in  some  way  connected  with  the 
sensation,  when  they  are  found  in  the  skin  they  are  situated  very  deeply 
in  the  cutis  vera  or  in  the  subcutaneous  tissue.  They  are  extremely 
numerous  on  the  nerves  of  the  palmar  surface  of  the  fingers.  In  all  of 
these  endings,  and  in  similar  ones  found  in  other  animals,  the  nerve 
ends,  as  in  axis  cylinder,  in  a  special  development  of  the  connective  tis- 
sue sheath.  In  addition  to  these  special  nerve-endings,  nerve-fibres 
appear  to  terminate  everywhere  in  the  skin  between  the  cells  of  the 
Malpighian  stratum  of  the  epidermis  in  the  ends,  and  in  certain  animals 
some  of  them  appear  to  end  in  special  and  rather  large  cells. 

It  is  practically  impossible  to  distinguish  between  what  is  called 
mere  contact  and  touch  in  which  the  element  of  pressure  comes  in. 
The  acuteness  of  the  sense  of  touch  depends  very  largely  on  the  cutane- 
ous circulation,  which  is  of  course  largely  influenced  by  external  temper- 
ature. Hence  the  numbness,  familiar  to  every  one,  produced  by  the 
application  of  cold  to  the  skin. 

Acute fiess  of  the  Sense, — The  perfection  of  the  sense  of  touch  on 
different  parts  of  the  surface  is  proportioned  to  the  power  which  such 
parts  possess  of  distinguishing  and  isolating  the  sensations  produced  by 
two  points  placed  close  together.  This  power  depends,  at  least  in  part, 
on  the  number  of  primitive  nerve-fibres  distributed  to  the  part;  for  the 
fewer  the  primitive  fibres  which  an  organ  receives,  the  more  likely  is  it 
that  several  impressions  on  different  contiguous  points  will  act  on  only 
one  nervous  fibre,  and  hence  be  confounded,  and  perhaps  produce  but 
one  sensation.  Experiments  have  been  made  to  determine  the  tactile 
properties  of  different  parts  of  the  skin,  as  measured  by  this  power  of 
distinguishing  distances.  These  consist  in  touching  the  skin,  while  the 
eyes  are  closed,  with  the  points  of  a  pair  of  compasses  sheathed  with 
cork,  and  in  ascertaining  how  close  the  points  of  compasses  might  be 
brought  to  each  other,  and  still  be  felt  as  two  bodies. 
42 
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Table  of  variations  in  the  tactile  sensibility  of  the  different  parts. — TV  mea- 
surement indicates  the  least  distance  at  which  the  two  blunted  points  of  a 
pair  of  compasses  could  he  separately  distinguished.     (E.  H.  Weber. ) 

Tip  of  tongue ^:^  inch  1  mm. 

Palmar  surface  of  third  phalanx  of  forefinger     .        .  "A    **  2  ** 

Palmar  surface  of  second  phalanges  of  fingers         .         .  J  **  4  ** 

Red  surface  of  under-lip I  "  4  " 

Tip  of  nose |**  «*• 

Middle  of  dorsum  of  tongue }  "  ^  ** 

Palm  of  hand A  "  10  - 

Centre  of  hard  palate i  **  18  " 

Dorsal  surface  of  first  phalanges  of  fingers       .        .        .  A  *'  14  ** 

Back  of  hand IJ  "  25  - 

Dorsum  of  foot  near  toes li  **  37  •* 

Gluteal  region li  **  87  - 

Sacral  region li  "  37  ** 

Upper  and  lower  parts  of  forearm         .  .  H  **  37  *• 

Back  of  neck  near  occiput 2  **  50  ** 

Upper  dorsal  and  mid-lumbar  regions  ....  2  "  50  ** 

Middle  part  of  forearm 2^  "  62  ** 

Middle  of  thigh 2i  **  62  - 

Mid-cervical  region 2i  **  62  ** 

Mid-dorsal  region  2^  -  62  - 

Moreover,  in  the  case  of  the  limbs,  it  was  fouud  that  before  they 
were  recognized  as  two,  the  points  of  the  compasses  had  to  be  further 
separated  when  the  line  joining  them  was  in  the  long  axis  of  the  limb, 
than  when  in  the  transverse  direction. 

According  to  Weber  the  mind  estimates  the  distance  between  two 
points  by  the  number  of  unexcited  nerve-endings  which  intervene  be- 
tween the  two  points  touched.  It  would  appear  that  a  certain  number 
of  intervening  unexcited  nerve-endings  are  necessary  before  two  points 
touched  can  be  recognized  as  separate,  and  the  greater  this  number  the 
more  clearly  are  the  points  of  contact  distinguished  as  separate.  By 
practice  the  delicacy  of  a  sense  of  touch  may  be  very  much  increased. 
A  familiar  illustration  occurs  in  the  case  of  the  blind,  who,  by  constant 
practice,  can  acquire  the  power  of  reading  raised  letters  the  forms  of 
which  are  almost  if  not  quite  undistinguishable  by  the  sense  of  touch  to 
an  ordinary  person. 

Localization, — The  power  of  correctly  localizing  sensations  of  touch 
is  gradually  derived  from  experience.  Thus  infants  when  in  pain  sim- 
ply cry,  but  make  no  effort  to  remove  the  cause  of  irritation,  as  an  older 
child  or  adult  would,  doubtless  on  account  of  their  imperfect  knowledge 
of  its  exact  situation. 

Illusions. — The  different  degrees  of  sensitiveness  possessed  by  differ- 
ent parts  may  give  rise  to  errors  of  judgment  in  estimating  the  distance 
between  two  points  where  the  skin  is  touched.  Thus,  if  blunted  points 
of  a  pair  of  compasses  (maintained  at  a  constant  distance  apart)  be 
slowly  drawn  over  the  skin  of  the  cheek  toward  the  lips,  it  is  almost  im- 
possible to  resist  the  conclusion  that  the  distance  between  the  points  is 
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gradually  increasing.  When  they  reach  tijc  lips  they  soem  to  be  consid- 
erably further  apart  than  on  the  cheek.  Thus,  tou,  our  estimute  of  the 
ai/e  of  a  cavity  in  a  tooth  is  usually  exaggerated  when  biused  upon  sensa- 
tion derived  from  the  tongue  alone.  Another  curious  illusion  may  here 
bo  naentioned.  If  we  close  the  eye«,  and  place  a  small  marble  or  pea 
between  the  crossed  fore  and  middle  fingers,  we  seem  to  be  touching  two 
marbles,  Tliis  illusion  is  due  to  an  error  uf  judgroent.  The  marble  is 
touched  by  two  8urfa<"es  which,  under  ordinary  eircumstiinces,  could 
only  be  touched  by  two  separate  nu^rbles,  bence  the  mind,  taking  no 
cognizance  of  the  fact  that  the  fingers  are  crossed,  forniH  the  conclusion 
that  two  si'usations  are  due  to  two  marbles. 

Temperature,— The  whole  surface  of  the  body  is  more  or  less  sen- 
sitive to  difTereuces  of  teni]>erature.  The  sensation  of  heat  is  distinct 
from  that  of  touch :  and  it  would  seem  reasonable  to  suppose  that  there 
are  special  nerves  and  nerve-endings  for  temperature.  At  any  rate  the 
power  of  discriminating  temperattire  nuiy  remain  unimpaired  when  the 
flense  of  touch  is  temporarily  in  abeyance.  Thus  if  the  ultutr  nerve  be 
compreescwi  at  the  elbow  till  the  sense  of  touch  is  very  much  dulled  in 
the  Jiogers  which  it  supplies,  the  sense  of  temiMirature  remains  *|uit© 
imatlected. 

The  sensations  of  beat  and  cold  are  often  exceedingly  fallacious,  and 
in  many  cases  are  no  guide  at  all  to  the  absolute  temperature  as  indi- 
cated by  a  thermometer.  All  that  we  C4in  with  safety  infer  from  our 
sensations  of  temperature,  is  that  a  given  object  is  warmer  or  cooler 
than  the  skin.  Thus  tlie  temperature  of  our  skin  is  the  standard;  and 
as  this  varies  from  hour  to  hour  according  to  the  activity  of  tlie  cutane- 
ous circulation,  our  estimate  of  the  absolute  temperature  of  any  body 
must  necessarily  vary  too.  If  we  put  the  left  band  into  w^ater  at  5*^  C. 
(40*'  F,)  and  the  right  into  water  at  Ao^  C.  (110"  R),  imd  then  immerse 
both  in  water  at  27''  C.  (80"  F,),  it  will  feci  warm  to  the  left  hand  but 
cool  to  the  right.  Again,  a  piece  of  metal  which  ha.s  really  the  Bume 
temperature  as  a  given  piece  of  wood  will  feel  much  colder,  since  it  con* 
ducts  away  the  heat  much  more  rapidly.  For  the  same  reason  air  in 
motion  feels  very  much  cooler  than  air  of  the  same  temperature  at  rest. 

In  sonic  cases  we  are  able  to  form  a  fairly  at^curate  estimate  of  abso- 
lute temperature.  Thus,  by  plunging  the  elbow  into  a  bath,  a  practised 
batli-atteudant  can  tell  the  temperature  sometimes  witliin  half  a  degree 
centigrade. 

The  temperatures  which  can  be  readily  discriminated  are  between 
ln^_45^  0.  (50MI5°  F, );  very  low  and  very  high  temperatures  alike 
produce  a  burning  sensation.  A  temperature  appears  higher  according 
to  the  extent  of  cutaneous  surface  exposed  to  it.  Thus,  water  of  a  tem- 
perature which  can  be  readily  borne  by  the  hand,  is  quite  intolerable  if 
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the  whole  body  be  immersed.     So,  too,  water  appears  much  hotter  to 
the  hand  than  to  a  single  finger. 

The  delicacy  of  the  sense  of  temperature  coincides  in  the  main  with 
that  of  touch,  and  appears  to  depend  largely  on  the  thickness  of  the 
skin;  hence,  in  the  elbow,  where  the  skin  is  thin,  the  sense  of  tempera- 
ture is  delicate,  though  that  of  touch  is  not  remarkably  so.  Weber  has 
further  ascertained  the  following  facts:  two  compass  points  so  near  to- 
gether on  the  skin  that  they  produce  but  a  single  impression,  at  once 
give  rise  to  two  sensations,  when  one  is  hotter  than  the  other.  More- 
over, of  two  bodies  of  equal  weight,  that  which  is  the  colder  feels  heavier 
than  the  other. 

As  every  sensation  is  attended  with  an  idea,  and  leaves  behind  it  an 
idea  in  the  mind  which  can  be  reproduced  at  will,  we  are  enabled  to  com- 
pare the  idea  of  a  past  sensation  with  another  sensation  really  present. 
Thus  we  can  compare  the  weight  of  one  body  with  another  which  we 
had  previously  felt,  of  which  the  idea  is  retained  iu  our  mind.  Weber 
was  indeed  able  to  distinguish  in  this  manner  between  temperatures, 
experienced  one  after  the  other,  better  than  between  temperatures  to 
which  the  two  hands  were  simultaneously  subjected.  This  power  of 
comparing  present  with  past  sensations  diminishes,  however,  in  propor- 
tion to  the  time  which  has  elapsed  between  them.  After-sensations  left 
by  impressions  on  nerves  of  common  sensibility  or  touch  are  very  vivid 
and  durable.  As  long  as  the  condition  into  which  the  stimulus  has 
thrown  the  organ  endures,  the  sensation  also  remains,  though  the  excit- 
ing cause  should  have  long  ceased  to  act.  Both  painful  and  pleasurable 
sensations  aiTord  many  examples  of  this  fact. 

Subjective  sensations^  or  sensations  dependent  on  internal  causes,  are 
in  no  sense  more  frequent  than  in  the  sense  of  touch.  All  the  sensations 
of  pleasure  and  pain,  of  heat  and  cold,  of  lightness  and  weight,  of  fa- 
tigue, etc.,  may  bo  produced  by  internal  causes.  Neuralgic  pains,  the 
sensation  of  rigor,  formication  or  the  creeping  of  ants,  and  the  states  of 
the  sexual  organs  occurring  during  sleep,  afford  striking  examples  of 
subjective  sensations.  The  mind  has  a  remarkable  power  of  exciting 
sensations  in  the  nerves  of  common  sensibility:  just  as  the  thought  of 
the  nauseous  excites  sometimes  the  sensation  of  nausea,  so  the  idea  of 
pain  gives  rise  to  the  actual  sensation  of  pain  in  a  part  predisposed  to 
it;  numerous  examples  of  this  influence  might  be  quoted. 

Pain. — As  regards  painful  sensations,  threfe  views  can  be  taken:  1, 
that  it  is  a  special  sensation  provided  with  a  special  conducting  apparatus 
in  each  part  of  the  body;  2,  that  it  is  produced  by  an  over-stimulation 
of  the  special  nerves  concerned  with  touch  or  temperature,  or  of  the 
other  nerves  of  special  sense;  or  3,  that  it  is  an  over-stimulation  of  the 
nerves  of  common  sensation,  which  tell  us  of  the  condition  of  our  own 
bodies,  both  of    the  aurlucQ  an^  «\^o  qI  ^i^^l^  \\i\*«i\>k^  ^t^^jwia..   ^\>Me^j<. 
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seems  to  be  roucli  fy  favor  of  all  of  these  views.  The  weight  of  evi- 
dence is,  however,  rather  against  there  being  any  special  pain  sense  with 
a  special  end-organ  and  fibres.  It  is,  however,  certain  that  even  if  any 
variety  of  puin  be  a  special  sensation,  some  kind  of  pain  may  be  pro- 
duced by  stimulation  of  the  bare  sensory  nerves  apart  from  any  special 
form  of  nerve  termination.  It  is  said  that  the  main  difference  between 
the  common  sensation  which  tells  us  of  the  condition  of  all  parts  of  the 
body  and  of  which  thirst  and  hunger  are  but  examples,  the  one  inform^ 
ing  us  of  the  condition  of  the  palate  and  the  other  of  the  state  of  our 
stomach,  and  the  special  sense  of  touch  and  temperature,  is  that  the 
latter  are  provided  with  special  apparatus.  By  means  of  this  apparatus 
we  are  able  to  localize  the  sensation  from  which  it  is  possible  to  form 
judgments.  Such  a  special  apparatus  is  evidently  not  absolutely  essen- 
tial for  the  sensation  of  pain,  but  this  does  not  exclude  the  idea  that 
pain  may  result  from  over-stimulation  of  a  nerve  of  special  sense  or  of 
its  termination. 

The  Muscular  Sense.— The  estimate  of  a  weight  is  usually  based 
on  two  sensations:  1,  of  pressure  on  the  skin,  and  2,  the  muscular  sense. 

The  estimate  of  weight  derived  from  a  combination  of  these  two 
sensations  (as  in  lifting  a  weight)  is  more  accurate  than  that  derived 
from  the  former  alone  (as  when  a  weight  is  laid  on  the  hand);  thus 
Weber  found  that  by  the  former  method  he  could  generally  distinguish 
19  J  oz.  from  20  oz.,  but  yiot  19}  oz.  from  20,  while  by  the  latter  he  could 
at  most  only  distinguish  14^  oz.  from  15  oz. 

It  is  not  the  absolute,  but  the  relative,  amount  of  the  difference  of 
weight  which  we  have  thus  the  faculty  of  perceiving. 

It  is  not,  however,  certain,  that  our  idea  of  the  amount  of  niuscular 
force  used  is  derived  solely  from  the  muscular  sense.  We  have  the 
power  of  estimating  very  accurately  beforehand,  and  of  regulating,  the 
amount  of  nervous  influence  necessary  for  the  production  of  a  certain 
degree  of  movement.  When  we  raise  a  vessel,  with  the  contents  of 
which  we  are  not  acquainted,  the  force  we  employ  is  determined  by  the 
idea  we  have  conceived  of  its  weight.  If  it  should  happen  to  contain 
some  very  heavy  substance,  as  quicksilver,  we  shall  probably  let  it  fall; 
the  amount  of  muscular  action,  or  of  nervous  energy,  which  we  had 
exerted  being  insufficient.  The  same  thing  occurs  sometimes  to  a  person 
descending  stairs  in  the  dark;  he  makes  the  movement  for  the  descent 
of  a  step  which  does  not  exist.  It  is  possible  that  in  the  same  way  the 
idea  of  weight  and  pressure  in  raising  bodies,  or  in  resisting  forces,  may 
in  part  arise  from  a  consciousness  of  the  amount  of  nervous  energy 
transmitted  from  the  brain  rather  than  from  a  sensation  in  the  muscles 
themselves.  The  mental  conviction  of  the  inability  longer  to  support  a 
weight  must  also  be  distinguished  from  the  actual  sensation  of  fatigue 
in  the  muscles. 
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So,  witli  regard  to  the  ideas  derived  from  sensations  of  touch  com- 
bined with  movements,  it  is  doubtful  how  far  the  consciousness  of  the 
extent  of  muscular  movement  is  obtained  from  sensations  in  the  muscles 
themselves.  The  sensation  of  movement  attending  the  motions  of  the 
hand  is  very  slight;  and  persons  who  do  not  know  that  the  action  of 
particular  nmscles  is  necessary  for  the  production  of  given  movements, 
do  not  suspect  that  the  movement  of  the  fingers,  for  example,  depends 
on  an  ac^tion  in  the  forearm.  The  mind  has,  nevertheless,  a  very  definite 
knowledge  of  the  changes  of  position  produced  by  movements;  and  it 
is  on  this  that  the  i<lejis  which  it  conceives  of  the  extension  and  form  of 
a  body  are  in  great  measure  founded. 

There  is  no  marked  development  of  common  sensibility  to  be  made 
out  in  muscles:  they  may  be  cut  without  the  production  of  pain.  On  the 
other  hand,  there  is  no  doubt  that  afferent  impulses  must  pass  upward 
from  muscles  and  tendons  acquainting  the  brain  with  their  condition. 
This,  then,  must  be  a  special  sense.  It  has  been  suggested  that  the  minnt* 
end-bull)s  i>f  (iolgi  found  in  tendons,  and  that  the  Pacinian  corpuscles  in 
the  neighl>orhood  of  joints,  are  the  terminal  organs  of  this  special  sense. 

Jmhjment  of  (he  Form  ami  Size  of  Bodies. — By  the  sense  of  touch  the 
mind  is  nuule  aoijuainteil  with  the  size,  form,  and  other  external  char- 
acters of  bixlies.  And  in  order  that  these  characters  may  be  easilj 
as^vrtaiuiHU  the  sense  of  touch  is  especially  developed  in  those  parts 
which  can  Iv  readily  mo  veil  over  the  surface  of  bodies.  Touch,  in  its 
more  limiteil  st^nso,  or  the  act  of  examining  a  body  by  the  touch,  consists 
men^ly  in  a  voluntary  employment  of  this  sense  combined  with  move- 
njont,  and  stands  in  the  same  relation  to  the  sense  of  touch,  or  common 
si^'usibility,  generally,  as  the  act  of  seeking,  following,  or  examining 
iHlors,  diH^s  to  the  s^^'use  of  smell.  The  hand  is  the  best  adapted  for  it, 
by  r\»;iSiMi  of  its  tvouliaritios  of  structure, — namely,  its  capability  of 
prvniatiou  and  supination,  which  enables  it,  by  the  movement  of  roUi- 
tiou,  to  evamiue  the  whole  circumference  of  the  body;  the  power  it 
|K>S8>i*S5><^s  of  op^KViiuiT  the  thumb  to  the  rest  of  the  hand,  and  the  relative 
mobility  of  the  tiui^^rs:  and  lastly  from  the  abundance  of  the  5ens«.»ry 
terminal  onr*ns  which  it  possesses^  In  forming  a  conception  of  the 
^ur^^  auvl  extent  of  a  surface,  the  mind  multiplies  the  size  of  the  hand 
or  finger?  use\l  in  the  inquiry  by  the  number  of  times  which  it  is  con- 
taiueil  in  the  surface  traversed:  and  by  repeating  this  process  with 
regard  to  the  different  dimensions  of  a  solid  body,  acquires  a  notion  of 
it»  cubical  extent,  but,  of  course,  only  an  imperfect  notion,  as  other 
#.y..  the  sight,  are  required  to  make  it  complete. 

II  k  inipiK^ble  in  this  consideration  to  :aiy  h«>w  much  of  our  knowl- 
it  il»  ihiB^  touched  depends  upon  pressure  and  how  much  upon 
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Conditions  rieeessan/.^-The  conditions  for  the  percoptioDS  of  taste 
iare: — 1,  the  presence  of  a  nerve  and  nerve-centre  with  special  endow- 
ments; 2,  the  excitation  of  the  nerve  by  the  sapid  matters,  which  for 
this  purpose  must  be  in  tt  state  ttf  solution;  3,  a  temperatnre  of  about  37** 
tu40"C.  (im'  to  lOtl""  F.},  Tho  nerves  concerned  in  the  production  of 
the  sense  of  taste  have  been  already  considered  (p.  W2  ei  i<eq. )  The  mode 
of  action  of  the  substances  which  excite  taste  consists  in  the  production 
of  a  change  in  the  condition  of  the  gustatory  nerves,  and  the  cund action 
of  the  stimidus  thus  produced  to  tlie  nerve-centre;  and,  according  to 
the  ditfereiice  of  tlie  susbtanccs,  an  infinite  variety  of  changes  of  condi- 
tion of  the  nerves,  and  consequently  of  atimuhitions  of  the  gustatory 
centre,  may  he  imbiced.  The  matters  to  bo  tasted  must  either  be  in 
solution  or  be  soluble  in  the  moisture  covering  the  tongue;  hence  inscdu- 
ble  substances  are  usually  tasteless,  and  produce  merely  sensjitions  of 
touch.  Moreover,  for  the  perfect  action  of  a  sapid,  as  of  an  odorous  sub- 
stance, it  is  necessary  that  the  sentient  surface  should  be  moist  lience, 
when  the  tongue  and  fauces  are  dry,  sapid  substances,  even  in  solution, 
are  with  difficulty  tasted* 

The  nerves  of  taste,  like  the  nerves  of  nthpr  sp«?cial  senses,  may  have  thoir 
peculiar  properties  excittni  by  various  other  kinds  cjf  irritiitiou,  such  a.s  elec- 
tricity anil  meehaoieal  impressions.  Thus,  a  small  current  i^t  air  directed 
upon  the  t4>ufjue  give8  rise  U>  a  cik*!  saline  taste,  like  that  of  ftalti)etTe ;  and  a 
distinct  sensjttion  uf  taste  nimilar  to  that  caused  by  electricit>\  may  be  pro- 
duced by  a  Binurt  tiip  applied  to  tlie  i>apillie  of  the  t4>nsue.  Mi>reover,  the 
I  mechanical  irritatitja  i>f  the  fauces  and  palaU^  liroducej^  the  senBiitJoa  of  uausea, 
which  is  prohably  only  a  modification  of  taste. 
the 
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Seai. — The  principal  seat  (apparent  seat,  that  is,  to  our  senaefl)  of 
the  86nse  of  taste  is  the  tongue.  But  the  result  of  experiments  as  well 
I  ordinary  experience  show  that  the  soft  palate  and  its  arches,  the  uvula, 
tonsils,  and  probahly  the  upper  part  of  the  pharynx,  are  also  endoi^'e<l 
with  taste.  These  parts,  together  with  the  base  and  posterior  parts  of 
the  tongue,  are  supplied  with  branches  of  the  glosso-pharyngeal  nerve, 
and  evidence  has  been  already  adduced  that  the  sense  of  taste  is  conferred 
upon  them  hy  this  nerve.  In  moat,  though  not  in  all  persons,  the  an- 
terior parts  of  the  tongue,  especially  the  edges  and  tip,  are  endowed 
with  the  sense  of  taste.  The  middle  of  the  dorsum  is  only  feebly  en- 
dowed with  this  sense,  probably  because  of  the  density  and  thick ne^  of 
the  epitheliuni  covering  the  filiform  pupilljB  of  this  part  of  the  tongue, 
which  will  prevent  tlie  sapid  substances  from  penetrating  to  their  sensi- 
tive parts. 

Other  Functiom. — Beside  the  sense  of  taste,  the  tongue,  by  means 
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alisoof  itis  papillae,  is  endued  (2)  especiallj  at  ite  side  and  tip,  with  a  very 
delicate  and  accurate  sense  of  touch,  which  renders  it  sensible  of  the 
imprewions  of  heat  and  cold,  pain  and  mechanical  preasare,  and  conse- 
quently of  the  form  of  sorfaoea.  The  tcmgne  may  lose  its  common  een- 
sibility,  and  still  retain  the  sense  of  taste,  and  rure  versd.  This  fact 
renders  it  probable  that,  although  the  senses  of  taste  and  of  touch  msj 
be  exercised  by  the  same  papills  supplied  by  the  same  nerres,  yet  the 
nervous  conductors  for  these  two  different  sensations  are  distinct,  jugt 
as  the  nerves  for  smell  and  common  sensibility  in  the  nostrils  are  dis- 
tinct; and  it  is  quite  conceivable  that  the  same  nervous  trunk  may  con- 
tain fibres  differing  essentially  in  their  specific  properties.  Facts  already 
detailed  seem  to  prove  that  the  lingual  branch  of  the  fifth  nerve  is  the 
conductor  of  sensations  of  taste  in  the  anterior  part  of  the  tongue;  and 
it  is  also  certain,  from  the  marked  manifestations  of  pain  to  which  ita 
division  in  animals  gives  rise,  that  it  is  likewise  a  nerve  of  common  sen- 
sibility. The  glosso-pharyngetkl  also  seems  to  contain  fibres  both  of 
common  sensation  and  of  the  special  sense  of  taste. 

The  functions  of  the  tongue  in  connection  with  (3)  speech,  (4)  mas- 
tication, (5)  deglutition,  (0)  suction,  have  been  referred  to  in  other 
chapters. 

Tmte  and  Smell:  Perceptions. — The  concurrence  of  common  and  two 
kinds  of  special  sensibility,  f.«.,  touch  and  taste  in  the  same  part,  makes 
it  sometimes  difficult  to  determine  whether  the  impression  produced  by 
a  substance  is  perceived  through  the  ordinary  sensitive  fibres,  or  through 
those  of  the  sense  of  taste.  In  many  cases,  indeed,  it  is  probable  that 
botli  Rcts  of  norve-fibrcs  are  concerned,  as  when  irritating  acrid  substances 
are  introduced  into  tlio  mouth. 

Mucli  of  tlie  perfection  of  the  sense  of  taste  is  often  due  to  the  sapid 
substances  being  also  odorous,  and  exciting  the  simultaneous  action  of 
the  Hcnso  of  Binoll.  This  is  shown  by  the  imperfection  of  the  taste  of 
Hueh  substances  wlien  their  action  on  the  olfactory  nerves  is  prevented 
by  (^losing  the  nostrils.  Many  fine  wines  lose  much  of  their  apparent 
excellenco  if  the  nostrils  are  held  close  while  they  are  drunk. 

VariftifiA  of  Tastes, — Among  the  most  clearly  defined  tastes  are  the 
sirvet  and  hitter  (wliich  are  more  or  less  opposed  to  each  other),  the  acidy 
alkalivey  saJt^  and  metallic  tastes.  Acid  and  alkaline  taste  may  be  ex- 
cited by  electricity.  If  a  piece  of  zinc  bo  placed  beneath  and  a  piece  of 
coj)))er  above  the  tongue,  and  their  ends  brought  into  contact,  an  acid 
taste  (due  to  the  feeble  galvanic  current)  is  produced.  The  delicacy  of 
the  sense  of  taste  is  sufficient  to  discern  1  part  of  sulphuric  acid  in  1000 
of  water;  but  it  is  far  8uri)a8sed  in  acuteness  by  the  sense  of  smell.  Ex- 
yye^*'  fa  have  shown  that  it  is  possible  to  entirely  do  away  with  the 
isting  bitters  and  sweets  while  the  taste  for  acids  and  salts 
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remains.  This  is  done  by  chewing  the  leaves  of  an  Indian  plant 
(Oymnema  sylvestre).  It  has  also  been  shown  that  the  power  of  tasting 
Bweet  substances  disappears  before  that  of  tasting  bitter.  Other  experi- 
ments have  shown  that  the  apparatus  for  salt  and  for  acid  tastes  are 
distinct.  It  is  also  demonstrable  that  bitters  are  most  appreciated  at  the 
back  and  sweets  at  the  tip  of  the  tongue,  that  salts  are  also  most  potent  at 
the  tip,  and  acids  at  the  sides  of  the  tongue.  All  these  tastes  then,  are 
almost  certainly  provided  with  a  distinct  apparatus.  It  is  clear  there- 
fore that  the  taste  buds  cannot  be  the  only  terminal  organs  for  the  sense 
of  taste,  if  from  no  other  reason,  at  any  rate  from  their  exceedingly 
limited  distribution  in  the  human  tongue. 

Although  the  taste  apparatus  is  bilateral  the  sensation  or  perception 
is  single,  and  in  this  respect  taste  resembles  vision. 

After-taste. — Very  distinct  sensations  of  taste  are  frequently  left  after 
the  substances  which  excited  them  have  ceased  to  act  on  the  nerve;  and 
such  sensations  often  endure  for  a  long  time,  and  ^modify  the  taste  of 
other  substances  applied  to  the  tongue  afterward.  Thus,  the  taste  of 
sweet  substances  spoils  the  flavor  of  wine,  the  taste  of  cheese  improves  it. 
There  appears,  therefore,  to  exist  the  same  relation  between  tastes  as 
between  colors,  of  which  those  that  are  opposed  or  complementary  render 
each  other  more  vivid,  though  no  genehil  principles  governing  this  rela- 
tion have  been  discovered  in  the  case  of  tastes.  In  the  art  of  cooking, 
however,  attention  has  at  all  times  been  paid  to  the  consonance  or  har- 
mony of  flavors  in  their  combination  or  order  of  succession,  just  as  in 
painting  and  music  the  fundamental  principles  of  harmony  have  been 
employed  empirically  while  the  theoretical  laws  were  unknown. 

Frequent  and  continued  repetitions  of  the  same  taste  render  the  per- 
ception of  it  less  and  less  distinct,  in  the  same  way  that  a  color  becomes 
more  and  more  dull  and  indistinct  the  longer  the  eye  is  fixed  upon  it. 
Thus,  after  frequently  tasting  first  one  and  then  the  other  of  two  kinds 
of  wine,  it  becomes  impossible  to  discriminate  between  them. 

The  simple  contact  of  a  sapid  substance  with  the  surface  of  the 
gustatory  organ  seldom  gives  rise  to  a  distinct  sensation  of  taste;  it  needs 
to  be  difi!used  over  the  surface,  and  brought  into  intimate  contact  with 
the  sensitive  parts  by  compression,  friction,  and  motion  between  the 
tongue  and  palate. 

Subjective  Sensations  of  Taste, — The  sense  of  taste  seems  capable  of 
being  excited  only  by  external  causes,  such  as  changes  in  the  conditions 
of  the  nerves  or  nerve-centres,  produced  by  congestion  or  other  causes, 
which  excite  subjective  sensations  in  the  other  organs  of  sense.  But 
little  is  known  of  the  subjective  sensations jof  taste;  for  it  is  difficult  to 
distinguish  the  phenomena  from  the  effects  of  external  causes,  such  as 
changes  in  the  nature  of  the  secretions  of  the  mouth. 
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IIL  Smell. 

thndUiouB  necessary, — (L)  Tbe  first  conditions  ecieential  to  the  9ssm ' 
fjf  flmoll  tint  a  fli>ocial  nerve  unci  nerve4ermiuations  in  the  form  of  fipeci*! 
coIIh,  i\\i\  <!}iungi*8  ill  whose  condition  stimuhite  a  special   nenre-centiv, 
imd  uru  parcel vod  in  sensutions  of  odor,  for  no  other  nervous  strnctnrte 
IM  utipuhli^  uf  tht'st!  rttniHsition^,  even  though  itcted  on   by  the  same  eaH«e«. 
Hit*  HunRi  ttulMiarH'o  which  excites  the  sensation  of  smell   in  the  olfai^- 
tory  centre  iiuiy  eanse  another  pi-onliar  sensation  tlirough  the  nerves  of  I 
tiuiti',  and  nniy  prtHhico  an  irritating  and  burning nensation  on  thcnervt*  j 
of  tcmcli;  l)Mt  the  i^ensjktion  of  odor  ia  yet  separate  and   liistinci;  frnm  I 
thetie,  thon^h   it  may  bo  Bimnltaneously  perceived.     (2,)  The  material  i 
eiintMm  of  odors  are,  nginilly,  in  the  ease  of  animals  living  in  the  air, 


'•»m«? 


A8iiMr«nvHtaidhMiMdI«i«lll&»      ^^^ 


0ilk«r  solids  gf^^'w.,*.i.-i 
I^Mie;  or  g»^ 
te  dilgcttd  Ky  » 

ot  odor  Ui«.^«, 


Hfuim 

n<i  often  of  a>  sabile  m  nAtnre  thmX  thej 
t  at  Utta  tlie  msm  of  mcB  ttMlf.    The 
be  dnnhvd  itt  Ibearacw^f  the 
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befti^n^  thcjr  can  ht  \ 
IIm  alliMloiy  iMrrvt?;  tlM^f^loiv  a  fuAcr 
|iiwt|ili<«i  ot  ttlort  is^  OmI  tike  i 

is  ui^mI  or  kit:  m  tht  ini  sNge  of 
■MMW  viiliui  llie  Mtitrik  b  1 
oiMwy  fc<t>  or  iiaiwid  mr  yopwfcet.    (3.)  fai 
air.  it  k  ii»^  ni^aiiite  thai  die  < 
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ftoeni,  tlie  month  being  cloaei] ;  hence  wo  bave  voluntiiry  inflnence  over 
[the  sense  of  sniull ;  fur  by  interrniiting  respiratiou  wo  prevent  the  per- 
leeption  of  odors,  and  by  repeated  fjiiick  inspiratioD.  assisted,  as  in  the 
InQt  of  sttilfifH/,  by  the  action  of  the  nostrils,  we  render  tlie  impression 
[more  intense,  Au  odorous  snbstance  in  a  liquid  form  injected  into  the 
nostrils  ajipears  incapublo  of  giving  rise  to  the  sensation  of  smell;  thus 
Weber  con  hi  i»ot  smell  the  slightest  odor  when  his  nostrils  were  eotii- 
I  pletely  lilled  with  water  contuitHng  a  large  quantity  of  etm-de-Cologne. 

Tl»e  nose  is  not  entirely  an  organ  for  the  seat  of  smelL  In  fact  the 
I  nasal  cavities  are  dividtil  into  llnce  districts  called  respectively — (a)  Reffio 
I  ve^tUfithris^  which  is  the  entrance  to  tlio  cavity- 
It  is  lined  with  a  m neons  membrane  very  closely 
resembling  tlie  skin^  and  contains  hair  (rihris- 
sit)  with  sebaceous  glands,  (b)  Reijio  respiru- 
■  ioria^  which  includes  the  lower  meatns  of  the 
Dose,  and  all  the  rest  of  the  nasal  passages  ex- 
cept {r)\  it  is  covered  with  raucons  membrane 
covercii  by  slratitied  colnniuar  ciliated  epitheli- 
nm.  The  mncosa  is  tliick  and  consists  of  fibrous 
connective  tisane;  it  contains  a  certain  nnmber 
of  tubular  mncons  and  aerons  glands,  (r)  Rf- 
ffio  olfaeifjria.  Tins  includes  the  anterior  two- 
thirds  of  tho  superior  meatus,  the  middle  meatus, 
and  the  upper  half  of  tho  septum  nasi.  It  is  of 
a  yellowish  color.  It  consists  of  a  thicker  mnc- 
ona  memlirane  than  in  (/i),  made  up  of  loose  are- 
ohir  connective  tissue  covered  by  epithelium  of 
a  special  variety,  resting  upon  a  basement  mem- 
brane. The  cells  of  the  epithelium  are  of  two 
principal  kinds:  (a)  columnar  epithelial  cells 
whose  function  is  to  support  (b)  the  bipolar 
olfactory  cells,     (a)  The  epithelial  cells  are  pris*       Fitr,393.-HjiKiiaroirac>toiT 

.*        ►"        »  11  ii      •  M  Cflls  from  Tii«i  iitiKrtI  r*»H«iv  of 

matic  in  shape  and    have    upon   their  surfaces  tin^  mi  an"  term  fiBtu«>.   -4. 


fncetB    into  which   the  olfactory  cells  fit  them- 


Kpitbfliuni   ^>f    tlie    olfjuHory 
mucosa:  r,  etiiEbeli&liiellK;  /,/, 

selves.  They  are  thus  analogous  to  the  cells  of  E^^l^J^^f^iiyr^hfl^ 
Miiller  of  the  retifia  (fig.  3M2.).  (A)  The  olfac-  "^nS^^  J:i,j;T;^, 
tory  cells  have  an  oblong  or  fusiform  shape,  which  f^^iJi^f/^^™  ^^'®  trtgirMinu». 
is  mainly  deter  mined  by  the  large  nucleus.     The 

thin  pro  top]  asm  ic  body  has  two  jirocesses,  an  external  and  an  internal. 
The  external  is  large  and  pusses  up  to  the  free  surface  to  end  in  a  snndl 
bunch  of  fibrils  that  aro  not  vibratile.  Tlio  internal  process  is  very 
fine,  often  varicose,  and  passes  through  the  mucous  membrane  to  be- 
come contimjons  with  the  fibres  of  the  olfactory  bulb. 

The  olfactory  bulb  must  be  studied  in  relation  with  the  nenfe- 
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IIL  Smell 

Omdiiians  necesaary. — (1.)  The  first  conditions  essential  to  the  aeoae 
of  smull  arc  a  special  nerte  and  nerve-term inatiofw  in  the  form  of  6p<?ciiil 
cells,  the  changes  in  whose  condition  stimulate  a  special  nerve-centre, 
and  arc  |»erceivod  in  sensations  of  odor,  for  no  other  nervons  strnctum  | 
13  capable  of  these  sensations,  even  though  acted  on  hy  the  ^mw  caijsea.  I 
The  Slime  substance  whicli  excitus  the  sensation  of  smell    in  the  olfac-] 
tory  centre  may  cause  another  peculiar  sensation   through   tlio  nerresuf 
taste,  ami  may  produce  an  irri tilting  and  hnrniog  sensation  on  thenerv€«j 
of  toucfi ;  hut  the  sensiitiou  of  odor  is  yet  separate  and   distinct  from  I 
these,  thougli  it  may  he  simultaneously  perceived.     (2.)  The  material 
causes  of  odors  are,  usually,  in   the  case  of  animals  living  in  the  air, 


Fig.  391,— Nerves  of  Lhe  N«-i>tiiiii  tui>*l,  si?en  from  tlit*  ri^^ht  bMp,  ^.— I,  tlie  olfftHorx  hulli; 
It  the  olfactory  iterres  passing  through  the  rommitia  of  the  c'rn>rif«>nii  plate,  and  desceiidlof  to 
be  distributed  on  Uie  septum;  2,  Ur^  intenml  or  septal  twr^  *if  t}w  nasal  bmuch  of  the  opbtul* 
mlc  nerve;  3,  luao-palatiiie  m^rvTS.     cFrom  Sappvy,  aft^^r  Hlrsc'hfeld  and  fjeTeill^.  > 

either  solids  suspended  in  a  state  of  extremely  fine  division  in  the  atmos- 
phere; or  gaseous  exhalations  often  of  bo  subtle  a  nature  that  they  c^n 
be  detected  by  no  other  reagent  than  the  sense  of  snadl  itself.  The 
matters  of  odor  must,  in  all  cases,  be  dissolved  in  the  mucus  of  the 
mucous  membrane  before  they  can  be  immediately  applied  to,  or  affect 
the  olfactory  nerves;  therefore  a  fnrther  condition  necessary  for  the 
perception  of  odors  is^  that  the  mucous  membrane  of  the  nasal  cavity 
l>e  moist.  When  the  Relmeiderian  membrane  is  dry^  the  sense  of  smell 
is  impaired  or  lost;  in  the  first  stage  of  catarrh,  when  the  secretion  of 
mucus  within  the  nostrils  is  lessened,  the  faculty  of  perceiving  odor  h 
either  lost,  or  rendered  very  ijnperfect  (3.)  In  animals  living  in  the 
air,  it  is  also  refjuisite  that  the  odorons  matter  should  be  transmitted  in 
current  through  the  nostrils.     This  is  effected  by  an  inspiratory  move- 
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aent,  tbts  mouth  Vmng  eloacMl;  lience  we  have  Tolmitary  influence  over 
the  sensi)  of  smell;  fur  by  iiitirrupting  respiration  we  prevent  tlio  per- 
ception of  odors,  and  ijy  rej>eated  <|nick  inspiration,  aasisted^  m  in  the 
act  of  ^M//ftwf/,  by  the  action  of  tire  nostrils,  we  render  thci  impression 
more  intense,  An  odorous  snkstanca  in  a  liquid  form  injected  into  the 
nostrils  appears  incapable  of  giving  rise  to  the  sensation  of  Boiellj  thus 
Weber  ruu Id  not  smell  the  slightest;  odor  when  his  n<jstrila  were  com- 
pletely lilh'd  with  water  containing  a  large  cpianlity  of  ean -de-Cologne. 

Tlie  nose  is  not  entirely  an  organ  for  the  seat  of  sinelL  In  fact  the 
nasal  cavities  are  divided  into  three  district's  called  rei*[jectively — ((i)  Jieifto 
resii7Kil(friS\  which  is  the  entrunco  to  the  cavity. 
It  is  lined  with  a  nun^ous  njenihrane  very  closely 
resembling  the  ekin,  and  contains  hair  (vO/ris- 
iiw)  with  sebaceooa  glanda,  (^j)  I^ef/io  respira- 
ioria^  which  includes  the  lower  meatus  of  the 
nose,  and  all  the  rest  of  the  nasal  passages  ex- 
cept (r);  it  is  covered  with  mucous  membrane 
covered  by  stratified  columnar  ciliated  epitheli- 
tiui.  The  mncosa  is  thick  and  consists  of  fibrous 
connective  tissue;  it  contains  a  certain  number 
of  tnbuhir  mucous  and  serous  glandt?.  (r)  Rv- 
gio  ol/minrm^  This  includes  tlie  anterior  Iwo- 
thirda  of  the  superior  meatus,  the  middle  meatus, 
and  the  upper  half  of  the  septum  mm.  It  is  of 
a  yellowish  color.  It  consists  of  a  thicker  muc- 
ous membrane  than  in  (/>),  made  up  of  loose  are- 
olar connective  tissue  covered  by  ei»ithelinm  of 
a  special  variety,  resting  upon  a  basement  mem- 
brane. The  cells  of  the  epithelium  are  of  two 
principal  kinds:  (a)  columnar  epithelial  cells 
whoao  function  is  to  support  (b)  the  bipolar 
olfactory  cells.  (</)  The  epithelial  cells  are  pris*  fii?. jjos. -Bipolar oifiwtoir 
matic  HI  shape  and  have  upon  their  surfaces  ui*^  rai  (fnii  term  fmtu»>.  a, 
facets  into  which  the  olfactory  cells  fit  them- 
selves. They  are  thus  analogous  to  the  cells  of 
Milller  of  the  retina  (fig.  :V.ne).  (//)  The  olfac- 
tory cells  have  an  ohlong  or  fusiform  shape,  which  f^^^\  from  the  trigejnimia. 
is  mainly  deternuned  by  the  large  nucleus.     I'he 

thin  protoplasmic  body  has  two  processes,  an  external  and  an  internal. 
The  external  is  large  and  passes  up  to  the  free  surface  to  end  in  a  small 
bunch  of  fibrils  that  are  not  vi  bra  tile.  The  internal  process  is  very 
fine,  often  varicose,  and  passes  through  the  mucous  membrane  to  be- 
come continuous  with  the  fibres  of  the  rdraotory  bulb. 

The  olfactory  bulb  must  be  studied  in  relation  with  the  nerve- 


EplihfliMPii  M  thv  olfaolta-y 
iinuMi^a;  r^  cpithHial  ct'lls;  /,/. 
nerve-Cf  lU ;  i'.  Ki-rvf-lUjivj* 
termmcttinsfr^'ly  on  Ou*  *?|>l- 
Uit^linl  siirfaoi*:  /',  <ilfac(i>ry 
iierve-fU}re«  ;  (j.  senwiry  nerve 
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fibres  and  olfactory  cells  with  which  it  is  connected.  These  parts  to- 
gether form  a  sensory  end-organ  which  resembles  in  many  respects  the 
retina.  The  discovery  of  its  true  strnctnre  has  thrown  a  flood  of  light 
on  the  architecture  of  the  nerve-centres  as  a  whole. 

The  olfactory  bulb  is  not  a  nerve,  but  a  roodiflcation  of  the  braio 
cortex.     A  transection  shows  it  to  be  made  up  of  four  layers: 

Ist.  Peripheral  fibres. 

2d.  Olfactory  gloraemles. 

3d.  Layer  of  mitral  cells. 


XpMuHmal 


Lajer  of  ocotnl 
'  fibres. 


Lajcrof  mUnl 
cells. 


Layipr  of  olfftctorr 
fibriUie. 


StmX 
EpUheliiim. 


Fig.  803.— Principal  constituent  elements  of  the  olfactory  bulb  of  a  mamnial.     CVan  Oefauchttrn.) 


4th.  Layer  of  granular  cells  and  deep  nerve-fibres. 

Ist.  The  first  and  external  layer  is  composed  of  the  fino  nerve-fibrih 
of  llio  olfactory  nerves.  They  pass  through  the  cribriform  plate  of  the 
ethmoid  and  continue  on,  ending  in  the  olfactory  cells. 

2d.  The  glomerular  layer  contains  numbers  of  small  round  bodies 
whose  structure  is  now  known  to  be  nervous.  They  are  made  up  of  the 
expansions  of  the  olfactory  fibres  on  the  one  hand  and  of  the  ^mitral" 
cells  on  tlie  other.  These  are  mingled  in  a  close  network,  but  do  not 
anastomose.     It  was  by  the  study  of  these  bodies  in  part  that  tbe  fact  of 
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the  Bon-continiiity  of  the  nenrons  wm  (kmoiistrated  (fig.  393).     This 
-layer  also  contuiha  siiiall  fiisiftjrm   cells  with   brauchhig  tlemlrites  that 
Intend   outward  to  the  glomenili,     Eadi  baa  an  axis-cyliuder  proceaa 
rhich  passes  inward  to  join  the  fibres  of  the  iuternal  olfactory  nerves. 

3tl.  The  layer  of  mitral  cella  containB  large  cells,  some  of  ihem  trian- 

jiilar  and  some  iu  the  shape  of  a  mitre.     They  havemimerous  dendrites, 

>ne  of  which  passes  into  a  glomernle  and  then  breaks  up  in  a  fine  arbori- 

ition.     An  axis-cylinder  process  (nenraxon)  passes  otT  from  the  inner 

irface  and  is  continued  as  an  internal  olfactory  nerve-fibre. 

4th.  The  layer   of   granules   and   central    fibres.     This  contains   a 

large  number  of  very  small  nerve-cells,  which  are  j)eculiar  in  that  they 


Fir.  aw, — Nerve*  of  the  outtT  wallis  of  the  nasal  fosscp.  8-6.— J,  network  of  tht*  hranehcB  of 
the  olrnctory  nerve,  dowetTnlin^j  ujwii  the  region  of  th*  Buperlor  antl  niiiklk^  tiirbinatwl  Imiu^'s; 
3,  eztem&l  t^lg  of  the  ethiuoklnl  bnmcb  of  iha  Daeal  nerves;  3,  !!ix»hei)o  itulaiine  ^aii^llntj;  4. 
romlflcation  of  the  aat«'riur  palatine  aerv^:  A«  podtaiior,  and  6,  mfdul^  dlvlaloas  of  the  jMilatina 
Dervee;  7,  branch  to  thr^  r*?ici*>ii  of  the  inferior  turbinated  bone;  8.  braneh  t*>  the  tv^ion  uf  tlws 
mperior  and  mlddlf  turbkinted  hon^:  %  uasO'palatin<^  branch  to  the  septum  cut  short.  (FVoai 
Sappejr,  after  HimiMeld  oud  LeYeill^J 


liJive  fio  axis-c^Hnder,  Their  dendrites  extend  chiefly  into  the  layer 
iif  mitral  cells.  They  resemble  the  spongioblaats  of  the  retina  and  prob- 
ablj  have  commissural  fiiiictioLS*  This  layer  ha^  iilao  some  small  star- 
shfiped  cella  whose  dendrites  end  in  the  mitral  cell-hiyer.  Among  these 
cells  run  numerous  fibres,  chiefly  from  the  mitral  cells  and  the  fusiform 
cells  of  the  glomernlar  layer. 

The  general  nrrnngemont  is  shown  in  fig,  ti93. 

The  sense  of  smell  ia  derived  exclusively  through  those  parts  of  the 
nasal  cavities  in  which  the  olfactory  nerves  are  diatributed  ;  the  accessory 
cavities  or  sinuses  comniiinicnting  with  the  nostrils  seem  to  have  no  re- 
lation to  it.     Air  impregnated  with  tlio  vapor  of  camphor, was  injected 
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into  the  frontal  sinus  through  a  fistulous  opening  and  odorous  substances 
have  been  injected  into  the  antrum  of  Highmore;  but  in  neither  case 
was  any  odor  perceived  by  the  patient.  The  purposes  of  these  sinuses 
appear  to  be  that  the  bones,  necessarily  large  for  the  action  of  the  mus- 
cles and  other  parts  connecfced  with  them,  may  be  as  light  as  possible, 
and  that  there  may  be  more  room  for  the  resonance  of  the  air  in  vocaliz- 
ing. The  former  purpose,  which  is  in  other  bones  obtained  by  filling 
their  cavities  with  fat,  is  here  attained,  as  it  is  in  many  bones  of  birds, 
by  their  being  filled  with  air. 

Other  Functions  of  the  JSusal  Reyion, — All  parts  of  the  nasal  cavi- 
ties, whether  or  not  they  can  be  the  seats  of  the  sense  of  suioll,  are  en- 
dowed with  common  sensibility  by  the  nasal  branches  of  the  firgt  and 
second  divisions  of  the  fifth  nerve.  Ilence  the  sensations  of  cold,  heat, 
itching,  tickling,  and  pain;  and  the  sensation  of  tension  or  pressure  in 
the  nostrils.  That  these  nerves  cannot  perform  the  function  of  the  ol- 
factory nerves  is  proved  by  cases  in  which  the  sense  of  smell  is  lost,  wbile 
the  mucous  membrane  of  the  nose  remains  susceptible  of  the  variong 
modifications  of  common  sensation  and  of  touch.  But  it  is  often  difiicnit 
to  distinguish  the  sensation  of  smell  from  that  of  mere  feeling,  and  to 
ascertain  what  belongs  to  each  separately.  This  is  the  case  particular^ 
with  the  sensations  excited  in  the  nose  by  acrid  vapors,  as  of  ammonia, 
horse-radish,  mustard,  etc.,  which  resemble  much  the  sensations  of  the 
nerves  of  touch;  and  the  difficulty  is  the  greater  when  it  is  remembered 
that  these  acrid  vapors  have  nearly  the  same  action  upon  the  mucons 
membrane  of  the  eyelids.  It  was  because  the  common  sensibility  of  the 
nose  to  these  irritating  substances  remained  after  the  destruction  of  the 
olfactory  nerves  that  Magendie  was  led  to  tlie  erroneous  belief  that  the 
fifth  nerve  might  exercise  this  special  sense. 

Varieties  of  Odorons  Sensations, — x\nimals  do  not  all  equally  pcrceiTe 
the  same  odors;  the  odors  most  plainly  perceived  by  an  herbivorous  ani- 
mal and  by  a  carnivorous  animal  are  different.  The  Carnivora  have  the 
power  of  detecting  most  accurately  by  the  smell  the  special  peculiarities 
of  animal  matters  and  of  tracking  other  animals  by  the  scent;  but  have 
apparently  very  little  sensibility  to  the  odors  of  plants  and  flowers.  Her- 
bivorous animals  are  peculiarly  sensitive  to  the  latter,  and  have  a  nar- 
rower sensibility  to  animal  odors,  especiallv  to  such  as  proceed  from 
other  individuals  than  their  own  species.  Man  is  far  inferior  to  many 
animals  of  both  classes  (which  appear  to  have  a  special  epithelial 
arrangement  called  Jacobson^s  organ^  for  the  purpose  of  **  scent  ")y  in 
respect  of  the  acuteness  of  smell ;  but  his  sphere  of  susceptibility  to  various 
odors  is  more  uniform  and  extended.  The  cause  of  this  difference  lies 
probably  in  the  endowments  of  the  cerebral  parts  of  the  olfactory  appa- 
ratus.    The  delicacy  of  the  sense  of  smell  is  most  remarkable;  it  can  dis- 


cerri  tlio  presence  of  bodies  in  quaiititifs  bo  inimite  as  to  bo  iindiscover- 
uble  even  bv  s])ei.!trum  unalysis;  yinj./iriy.iFir^  ^^  ^^  gruiii  of  musk  can  be  dis- 
tinctly smelt  ( Viilentin).  Opposed  to  tbo  sensution  of  an  agreeable  odor  is 
that  of  a  disagreeable  or  disgusting  odor,  whieh  corresponds  to  the  sen^^a- 
tions  of  pain,  dazzling  and  disbarniony  of  colors^  and  dissonance  in  the 
other  senses.  The  cause  of  this  difference  in  the  effect  of  different  odors  is 
unknown;  bwt  this  much  h  certain,  that  odurs  are  plcjisunt  or  offensive 
in  a  relative  sense  only*  for  many  animals  pass  their  existence  in  the 
midst  of  odors  which  to  us  are  highly  disagreeable.  A  great  difference 
in  this  respet  t  is,  indeed,  observed  amongst  men:  many  odors,  generally 
thought  agreeable,  are  to  some  persons  intolerable;  and  different  per- 
BOOS  de8cril>e  differently  the  sensations  that  they  severally  derive  from 
the  same  odorona  substances.  There  seems  also  to  be  in  some  persons 
an  insensibility  to  certain  odors,  comparable  with  that  of  tlie  eye  to  cer- 
tain colors;  and  among  different  persons,  as  great  a  difference  in  the 
acnfeness  of  the  ^inise  of  smell  as  among  others  in  the  ar'nteness  of  sight. 
We  have  no  exact  proof  that  a  relation  of  harmony  and  disharmony  exists 
between  odors  as  between  colors  and  sounds;  though  it  is  probable,  that 
such  is  the  ease,  since  it  certainly  is  so  with  regard  to  the  sense  of  taste; 
and  since  such  a  rehitii>n  wonld  account  in  some  measure  for  the  differ- 
ent degrees  of  perceptive  power  in  different  persons;  for  as  some  have 
no  ear  for  music  (as  it  is  said),  so  others  have  no  clear  appreciation  of 
the  relation  of  odors,  and  therefore  little  pleasure  in  them. 

Subjective  senmiiiom. — ^The  sensations  of  the  olfactory  nerves,  inde* 
pendent  of  the  external  application  of  odorous  snbstanccs,  have  hitherto 
been  little  studied.  The  friction  of  the  electric  machine  produces  a 
smell  like  that  of  phosphorus.  Hitter,  to*>,  has  observed,  that  when  a 
galvanic  current  is  applied  to  the  organ  of  smell,  besides  the  impulse 
to  sneeze,  and  the  tickling  sensation  excited  in  the  filaments  of  the  fifth 
nerve,  a  smell  like  that  of  ammonia  was  excited  by  the  negative  pole,  and 
an  acid  odor  by  the  positive  pole;  whichever  of  these  sensations  were  pro- 
dnccd,  it  remained  constant  as  long  as  the  circle  was  closed,  and  changed 
to  the  other  at  the  moment  of  the  circle  l>eing  opened.  Snbjective  sen 
sationa  occur  freqnently  in  connection  with  the  sense  of  smell.  Fre- 
quently a  person  smells  something  which  is  not  present,  and  which  other 
persons  cannot  smell ;  this  is  very  frequent  with  nervous  people,  but  it  oc- 
casionally liap  pens  to  every  one.  In  a  man  who  was  constantly  conscious 
of  a  bad  odor,  the  arachnoid  was  found  after  death  to  be  beset  with 
deposits  of  bone,  and  a  lesion  in  the  middle  of  the  cerebral  hemispheres 
was  also  discovered.  Dubois  was  acquainted  with  a  man  who,  ever  after 
a  fall  from  his  horse,  which  occurred  several  years  before  his  death, 
believed  that  he  smelt  a  bad  odor. 
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IV.  Hearing. 

Ayuttomy  of  tlie  Ear. — For  descriptive  purposes,  the  Ear,  or  Organ 
of  Hearing,  is  divided  into  three  parts,  (1)  the  external,  (2)  the  middle, 
and  (3)  the  internal  ear.     The  two  first  are  only  accessory  to  the  third 


Fiff.  896.— Diagrammatic  view  from  before  of  the  parts  oomposinf^  the  onpan  of  hearinj^  of 
the  lt»rt  side.  The  t«>mi>oral  bone  of  the  left  side,  with  the  accompanying  soft  parts,  has  been 
detached  from  the  hea<i,  and  a  section  has  been  carried  through  it  transverae] j,  so  as  to  remow 
the  front  of  the  nioatus  externiis.  Iialf  the  tympanic  membrane,  the  upper  and  anterior  wall  of 
the  tympanum  and  EuHtachian  tube.  The  meatus  intemus  has  also  been  opened,  and  the  bony 
labyrintii  exiwsed  by  the  removal  of  the  surrounding  parts  of  the  petrous  bone.  1,  the  piniui 
ami  lobe:  S,  £'.  meatus  extemus;  i!',  membrana  tympani;  a,  cavity  of  the  tympanum;  S'.  its 
oi>ening  backward  into  the  mastoid  cells;  betwcten  3  and  8',  the  chain  of  small  bones:  4,  Eusta- 
cnian  tube;  5,  meatus  intemus,  containing  the  facial  (uppermost)  and  the  auditory  nerves:  i 
plac<Ml  on  the  vestibule  of  the  labyrinth  above  the  fenestra  ovalis;  a,  apex  of  the  petrous  Ykv»\ 
h,  internal  carotid  artery;  c,  styloid  process;  d,  facial  nerve  issuing  from  the  stylo-mastoid 
/oramen ;  e,  mastoid  process ;  /,  squamous  part  of  the  bone  covered  by  integument,  etc.    (Arnold.) 

or  internal  ear,  which  contains  the  essential  parts  of  an  organ  of  hear- 
ing. The  accompanying  figure  shows  very  well  the  relation  of  these 
divisions,  one  to  the  other  (fig.  395). 

External  Ear. — The  external  ear  consists  of  the  pinna  or  aurick 
and  the  external  auditory  canal  or  me<ittis. 

The  principal  parts  of  the  pinna  (fig.  395)  are  two  prominent  rims 
inclosed  one  within  the  other  (helix  and  antihelix)^  and  inclosing  a  cen- 
tral hollow  named  the  concha;  in  front  of  the  concha,  a  prominence 
directed  backward,  the  tragus^  and  opposite  to  this  one  directed  for- 
V'ard,  the  antitragus.     From  the   concha,  the   auditory  canal,  with  a 
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alight  arch  directed  upward,  passes  ioward  and  a  little  forward  to  the 
membrana  tympani,  to  which  it  thus  serves  to  convey  the  vibrating  air. 
Its  outer  part  consists  of  fibro-cartilage  continued  from  tlie  concha;  its 
inner  part  of  bone.  Both  arc  lined  by  skin  continuous  with  that  of 
the  pinna,  and  extending  over  the  outer  part  of  the  membrana  tympani. 

Toward  the  outer  part  of  the  canal  are  fine  hairs  and  sebaceous 
glands,  while  deeper  in  the  canal  are  small  glands,  resembling  the  sweat- 
glands  in  structure,  which  secrete  the  cerumen. 

Middle  Ear  or  Tympanum. — The  middle  ear,  or  tympanum  (3, 
fig.  395),  is  separated  by  the  membrana  tympani  from  the  external 
auditory  canal.  It  is  a  cavity  in  the  temporal  bone,  opening  through 
its  anterior  and  inner  wall  into  the  Eustachian  tube,  a  cylindriform 


Fig.  896.  Fig.  897.  Fig.  896. 


Fig.  896.— The  hammer-bone  or  malleus,  seen  from  the  front.  1,  the  head;  2,  neck;  8,  short 
process;  4,  long  process.    (Schwalbe.) 

Fig.  397.— The  incus,  or  anvil-bone.  1,  body;  2,  ridged  articulation  for  the  malleus;  4,  pro- 
cessus brevis,  with  5,  rough  articular  surface  for  ligament  of  incus;  6,  processus  magnus,  with 
articulating  surface  for  stapes;  7,  nutrient  foramen.    (8chwalbe.) 

Fig.  896.— The  stapes,  or  stirrup-bone.  1,  base;  2  and  8,  arch;  4,  head  of  bone,  which  articu- 
lates with  orbicular  process  of  the  incus;  5,  constricted  part  of  neck;  6,  one  of  the  crura. 
(Schwalbe.)- 

flattened  canal,  dilated  at  both  ends,  composed  partly  of  bone  and  partly 
of  elastic  cartilage,  and  lined  with  mucous  membrane,  which  forms  a 
communication  between  the  tympanum  and  the  pharynx.  It  opens  into 
the  cavity  of  the  pharynx  just  behind  the  posterior  aperture  of  the  nos- 
trils. The  cavity  of  the  tympanum  communicates  posteriorly  with  air 
cavities,  the  mastoid  cells  in  the  mastoid  process  of  the  temporal  bone; 
but  its  only  opening  to  the  external  air  is  through  the  Eustachian  tube 
(4,  fig.  395).  The  walls  of  the  tympanum  are  osseous,  except  where  aper- 
tures in  them  are  closed  with  membrane,  as  at  the  fenestra  rotunda  and 
fenestra  ovalis,  and  at  the  outer  part  where  the  bone  is  replaced  by  the 
membrana  tympani.  The  cavity  of  the  tympanum  is  lined  with  mucous 
membrane,  the  epithelium  of  which  is  ciliated  and  continuous  with  that 
of  the  pharynx.  It  coptains  a  chain  of  small  bones  {ossicula  auditus) 
which  extends  from  the  membrana  tympani  to  the  fenestra  ovalis. 
43 
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The  mertibrana  tympnni  is  placed  in  a  slanting  direction  at  the  bot- 
tom of  the  external  auditory  canal,  its  plane  being  at  an  angle  of  abuut 
45°  with  the  lower  wall  of  the  canal.  It  is  formed  chiefly  of  a  tough 
and  tense  fibrous  membrane,  the  edges  of  which  are  set  in  abony  grooTc; 


J  -. 
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Fij?.  390'.  — Ictterior  view  of  the  1 3*111  pantim^  wit-h  membnuui  t^rmpaJii   and  bones  In 
poflJtl<ji].     1,  Mf^tfibnuia  tjrnipfUii ;  9/ EustAfhian  tube;  t,  tenaor  ^Tupani   muscle;  4,  Up. 
super. ;  (J,  corda'tjnnpaui  ncrre ;  a,  6,  and  c,  af ouaea  about  oMiculk     (Bcbwmlbp. ) 

its  outer  surface  is  covered  with  a  continuation  of  the  cutaneous  limSfl 
of  the  auditory  canal^  its  inner  surface  with  part  of  the  ciliated  moo 
membrane  of  the  tympanum. 

The  ossieks  are  three  in  number;  named  malleus,  incus,  and  stapes, 
The  malleus,  or  hammer- bone,  is  attached  by  a  long  slightly -curved  pro- 
cess, called  its  handle,  to  the  membrana  tympani;  the  line  of  attachment 
being  vertical,  including  the  whole  length  of  the  handle,  and  extending 
from  the  upper  border  to  the  centre  of  the  membrane.  The  head  of  the 
malleus  is  irregularly  rounded  j  its  neck,  or  the  line  of  boundary  between 
it  and  the  han<lle,  supports  two  processes;  a  short  conical  one,  which 
receives  the  insertion  of  the  ten^nr  tympany  and  a  slender  one,  proceatiu 
grmiUs^  which  extends  forward,  and  to  which  the  laxator  tympani  m\i%d^ 
is  attached.  The  innm^  or  anvil-bone,  shaped  like  a  bicuspid  molar  tooth, 
is  articulated  by  its  broader  part,  corresponding  with  the  surface  of  the 
crown  of  a  tooth,  to  the  malleus.  Of  its  two  fangdike  proceseee,  one, 
directed  backward,  has  a  free  end  lodged  in  a  depression  in  the  mastoid 
bone;  the  other,  curved  downward  and  more  pointed,  articulates  by  means 
of  a  roundish  tubercle,  formerly  called  as  orhiculnre^  with  the  stapes,  a 
little  bone  sliaped  exactly  like  a  stirrup,  of  which  the  base  or  bar  fits  into 
the  fenestra  ovalis.  To  the  neck  of  the  sbipes,  a  abort  process,  correspond- 
ing  with  the  loop  of  the  stirrup,  is  attached  the  stapedius  muscle.  ■ 

The  bones  of  the  ear  are  covered  with  mucous  membrane  reflected  over 
them  from  the  w*all  of  tlie  tympanum;  and  are  movable  both  altogether^ 
and  one  upon  the  other.     The  malleus  moves  and  vibrates  with  everrfl 
movement   and    vibration   of   the   membrana   tympani,  and  it«   move- 
ments are  communicated  through  the  incus  to  the  stapes,  and  through 
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it  to  the  membrane  closing  the  fenestra  oralis.  The  malleus,  alsoj 
is  movable  in  its  articulation  with  the  incus;  and  the  menibrana 
tympaiii  moving  with  it  ia  altered  in  its  degree  of  tension  by  the  laxator 
and  tensor  tynipani  muacles.  The  stapea  id  movable  on  the  process  of 
the  incus,  when  the  stapedius  muscle  acting,  draws  it  backward.  The 
axis  round  wliich  the  malleus  and  incus  rotate  is  the  line  joining  the  pro- 
oeasns  gracilis  of  the  malleus  and  the  posterior  (short)  process  of  the  incus. 

The  Internal  Ear — The  proper  organ  of  bearing  is  formed  by  the 
distribution  of  the  auditory  nerve  within  the  internal  ear,  or  labyrinth^ 
a  set  of  cavities  within  the  petrons  portion  of  the  temporal  bone.  The 
bone  wliich  forms  the  walls  of  these  cavities  is  denser  than  that  around 
it,  and  U)vm%  the  mm'ous  Inbijrinth;  the  membrane  with  in  the  cavities 
forms  the  metnbranous  labyriuUK  The  membranous  labyrinth  contains  a 
fluid  called  endoltjmph;  while  outside  it,  l>etween  it  and  tlie  osseous 
labyrinth,  is  a  fluid  called  periipnpL  This  fluid  is  not  pure  lymph; 
as  it  contains  mucin. 

The  osseous  labyrinth  consists  of  three  principal  parts,  namely 
the  vetiiibfiie^  the  roihivfiy  and  the  semicircfilar  mtmh. 

The  veMihtde  is  the  middle  cavity  of  the  lahyrinth,  and  the  central 
organ  of  the  whole  auditory  apparatus.     It  presents,  in  its  inner  wall, 


FHg.  400.  FiR.  401. 

F»if,  400.— Rf^lit  bony  labyrinth,  vl^we<l  from  the  outer  8id^.  The  »pet*imen  ht^rg  reprwented 
In  pr^paresd  by  fie)>aratln^  piecemeal  the  looser  iitibatADCG  of  the  pet roim  bjne  from  the  deoiMi 
WAlk  whii'h  mimpfllatfly  inelriee  tht*  labyrinth.  1,  thp  vestibiilr';  2^  ft*iM*xtra  ovalis;  8,  mipf»riar 
B**mioin;tjlar  canal ;  4,  httriz^otitiil  or  t'xieriuil  eaual ;  fj,  j>i:i8t4*rior  eaiiAl ;  *,  anif>u1lEi>  at  Ww  scttii- 
circular  cftiialH ;  R,  rtrst  turn  of  the  cochlea;  7^  rtwcond  turn;  «^  aj>ex:;  9,  fenetitra  rotuuda,    Tli© 

sihrUot  fl^re  in  outUne  below  HhowH  the  natural  sixe.     ^-     (SdmmeriEifif.) 

Fig.  ^CM.—Vie^  of  th<^  iiit«»rior  of  the  lf*ft  lubyTlnth.  The  bony  wall  of  the  labyrinth  is  ru- 
mored sipeHorly  and  f^xt^^rnally.  1^  Fovea  h(.'ixiie1tjipttc&:  %  fovea  h^uiisptirericii;  8,  cfiuiririon 
openfiur  ot  tlie  n'r^erior  and  r»osterior  semicircular  canAjH;  4,  openint;  nf  the  nqucdyct  of  the 
vBsUbiue:  5s  the  supprlor,  G,  thi?  posterior,  axid  t,  tha  ezteniAl  semicireular  canal»;  A«  npinii 
tube  of  the  cochlea  fscaia  tyiupani);  0,  opsnlng  of  the  aqueduict  of  ih«  cochlea;  10,  pUced  on 

the  liuninA  Bpiralis  in  thi*  scnla  ve»tibuU.    J^     (SC^mmerlii^.) 

several   openings   for   the  entrance   of  the   divisions   of  the   auditory 
nerve;    in  ita  outer  wall,  the  fenestra  avalis  (2,  fig.  400),  an  open- 
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ing  filled  by  the  base  of  the  stapes;  in  its  posterior  and  snperior 
walls,  five  openings  by  which  the  semicircular  canals  commanicate  with 
it:  in  its  anterior  wall,  an  opening  leading  into  the  cochlea.  The  hinder 
part  of  the  inner  wall  of  the  vestibale  also  presents  an  opening,  the 
orifice  of  the  aqucBductua  vestibuliy  a  canal  leading  to  the  posterior  mar- 
gin of  the  petrous  bone,  with  uncertain  contents  and  unknown  purpose. 

Tho  semicircular  canals  (figs.  400,  401)  are  three  arched  cylindrifonn 
bony  canals,  set  in  the  substance  of  the  petrous  bone.  They  all  open  at 
both  ends  into  the  vestibule  (two  of  them  first  coalescing).  The  ends  of 
each  are  dilated  just  before  opening  into  the  vestibule;  and  one  end 
being  more  dilated  than  the  other  is  called  an  ampulla.  Two  of  the 
canals  form  nearly  vertical  arches;  of  these  the  superior  is  also  anterior; 
tho  posterior  is  inferior;  the  third  canal  is  horizontal,  and  lower  and 
shorter  than  the  others. 

Tho  cochlea  (6,  7,  8,  figs.  400  and  401),  a  small  organ,  shaped  like  a 
common  snail-shell,  is  situated  in  front  of  the  vestibule,  its  base  resting 
on  the  bottom  of  tho  internal  meatus,  where  some  apertures  transmit 
to  it  the  cochlear  filaments  of  the  auditory  nerve.  In  its  axis,  the 
cochlea  is  traversed  by  a  conical  column,  thd  modiolus,  round  which  a 
spiral  canal  winds  with  about  two  turns  and  a  half  from  the  base  to  the 
apex.  At  the  apex  of  the  cochlea  the  canal  is  closed ;  at  the  base  it 
presents  three  openings,  of  which  one,  already  mentioned,  communicates 
with  the  vestibule;  another  cdW^A  fenestra  rotunda^  is  separated  by  a 
membrane  from  the  cavity  of  the  tympanum ;  the  third  is  the  orifice  of 
the  aqucBdudus  cochlew,  a  canal  leading  to  the  jugular  fossa  of  the 
petrous  bone,  and  corresponding,  at  least  in  obscurity  of  purpose  and 
origin,  to  the  aqu^eductus  vestibuli.  The  spiral  canal  is  divided  into  two 
passages,  or  scalae,  by  a  partition  of  bone  and  membrane,  the  lamina 
spiralis.  The  osseous  part  or  zone  of  this  lamina  is  connected  with  the 
modiolus. 

The  Membranous  Labyrinth. — The  membranous  labyrinth  corre- 
sponds generally  with  the  form  of  the  osseous  labyrinth,  so  far  as  regards 
the  vestibule  and  semicircular  canals,  but  is  separated  from  the  walls  of 
these  parts  by  perilymph,  except  where  the  nerves  enter  into  connection 
within  it.  The  labyrinth  is  a  closed  membrane  containing  endolymph, 
which  is  of  much  the  same  composition  as  perilymph,  but  contains  less 
solid  matter.  It  is  somewhat  viscid,  as  is  the  perilymph,  and  it  is 
secreted  by  the  epithelium  lining  its  cavity;  all  the  sonorous  vibrations 
imprcvssing  the  auditory  nerves  in  these  parts  of  the  internal  ear,  are 
conducted  through  fluid  to  a  membrane  suspended  in  and  containing 
fluid.  In  the  coclilea,  tho  membranous  labyrinth  completes  the  septum 
between  the  two  scaJw,  and  incloses  a  spiral  canal,  previously  mentioned, 
no"  ^  canalis  membranaceus  or  canalis  coclileis  {Rg.  A03),     The  fluid  in 


the  scalw  of  tho  cochlea  is  eoiitiiuioiiH  with  the  perilymph  in  tho  vutsti- 

bule  and  semicircuhir  ujuials,  and  there  is  no  fluid  external  to  its  lining 

I  membrane.     The  vestibular  partioii  of  the  membranous  labyrinth  emn- 

priees  two,  probably  conimnnieating  cavities,  of  which  the  larger  and 

[upper  is  naiued  the  utriculus;    the   lower,    the   meeulu8.      They   are 

[lodged  in  depressions  in  the  bony  labyrinth,  termed  respectively /orM 

hffffiielHpfim  and  fovea  hemispherim.     Into  the  former  open  the  oriliees  of 

tho  menjhrunons  somieirciihir  canals;  into  the  latter  the  tanaiiH  vochhm. 

Th^  membranous  labyrinth  of  all  these  parts  is  laminated,  transparent, 

[very  vasimlar,  and  covered  on  the  inner  surface  witli  nucleated  cells,  of 

[wkich  those  that  line  the  ampulhn  are  prolonged  into  stiff  hair-like  pro- 

toettos;  the  same  appearance,  hut  to  a  much  less  degree,  being  visible  in 

f  he  ritricule  and  saccule.     In  tho  cavities  of  the  ntrt cuius  and  succnlua 

Are  small  masses  of  calcareous  particles,  oioconia  or  uiuliths;   and  tho 


I 
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fiar.  403,— View  of  the  OHstsian  oix*lilpa  diviJeil  thnuiijli  \\w  mitl<il*»,  1,  central  canal  of  thc^ 
ii^OfUolufl;  Sf,  liiRiinJi  HiplmllH  ohm^;  8,  yr'ttla  tyniparil ;  4,  i^calii  vetitjhulj;  6,  tMifoutr  aijlwt^nc-'^  nf 
|,be  niouioluM  nt^ar  one  of  tlit*  8t»<j:tions  of  tlu;  eanaiis  i^ijiraliH  rin^»*U+ili.     X  5.     tAraold.; 

irame,  although  in  more  minute  quantities,  are  to  be  found  in  tho  interior 
id  some  other  parts  of  the  menibranoua  labyrinth, 

Auditorif  Nerve, — All  the  organs  now  described  are  provided  for  the 
appropriate  exposure  of  the  filaments  of  the  auditory  nerve  to  sonorous 
vibrations.  It  is  characterized  as  a  nerve  of  special  sense  by  its  softness 
(whence  it  derived  its  name  ui portio  tnoHts  of  the  seventh  pair),  and  by 
tho  fineness  of  its  component  fibres.  It  enters  the  l>ony  canal  (tlio  vieatus 
nudiioriuB  iniernv»)y  with  the  facial  nerve  and  the  nervus  intermedina, 
and,  traversing  the  Ijone,  enters  tho  lahyrinth  at  the  angle  between  tlie 
liase  of  the  cochlea  and  t!ie  vestibule,  in  two  divisions;  one  for  the  vee- 
tibule  and  semicircular  cauals,  and  tbe  other  for  the  cochlea. 

There  are  two  branches  for  the  vestibule,  one,  superior,  distributod 
to  the  utricule  and  to  the  superior  and  horiisontal  semicircular  canals, 
vnd  the  other,  inferior,  ending  in  the  saccule  and  posterior  semicircular 
.'anab  Where  the  nerve  comes  in  cnuneetion  with  the  utricule  and 
uccule,  the  structure  of  the  membrane  is  modified  somewhat  and  the 
l^laces  are  called  macnlm  aeusiicm.  The  epithelium  in  this  region  is,  afl 
've  shall  see  directly,  considerably  specialized,  and  where  the  nerve  is  in 
ionnection  with  the  ampullar  of  the  semicircular  canals,  too,  the  struct- 
ure is  altered,  becoming  elevated  into  a  horse-shoe  ridge,  which  project* 
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into  the  iDterior  of  the  ciivity,  forming  the  crista  acttsiicn.  Here,  tooi 
thi^  epithelium  is  of  a  special  kind.  The  nerve  fibres  spread  OQtmd 
nuliate  on  the  inner  surface  of  the  membranous  labyrinth:  their  ciad 
termination  ia  uncertain.  The  distribution  of  the  other  division  of  the 
auditory  nerve,  the  cochlear,  will  be  more  clearly  understood  after  i 
description  of  the  cochlea  itself, 

Strudure, — The  structure  of  the  membranous  hibyrintb  eonsigti 
three  coats,  externally  a  layer  of  areolar  tissue,  next  a  hyaloid  membrane, 
elevated  into  minute  papillae,  and  internally  a  layer  of  flattened  epi- 
thelium.    At  the  position  where  the  branches  of  the  vestibular  brandi 
of  the  auditory  nerve  join  it,  viz.,  at  the  Ba<^cule,  utricule,  and  ampiilb 
of  the  semicircular  canals,  there  is  a  marked  difference  in  the  stmctna', 
the  external  and  middle  layers  are  thicker  and  the  epithelium  bewDn 
columnar.     The  epithelium  in  which  the  fibres  of  the  vestibular  ne 
are  said  to  terminate  are  of  two  kinds,  called  cylinder  or  hair  ctlU^ 
rod  cdh.     The  hair  cells  occupy  only  one- half  of  the  thickness  of 
membrane;  from  their  inner  end  hair-like  processes  project  into 
cavity  of  the  labyrinth.     Their  outer  end  is  ronnded  and  contain  u 
large  round  nucleus.     To  these  cells  the  primitive  fibrillte  of  the  Mis 
cylinders  pji^s  up,  some  of  them  being  distinctly  varicose.     The  exact    ,, 
relation  of  the  nerve  fibrillte  to  the  hair-cells  is  unknown;  by  some  thii|jl 
are  believed  actually  to  enter  the  cells,  by  others  they  are  stated  to  foro^ 
a  kind  of  ne.st  of  librilla?  into  which  the  cells  fit.      The  rodnjelb  are  of 
somewhat  varying  form.     They  are  elongatt^d  cells  extending  from  the 
surface  to  the  basement  membrane,  broad  at  the  up]>er  or  surface  em 
and  containing  ovid  nuclei  toward  their  attached  end,  but  not  exactly 
the  same  level  in  all  crises.     These  nuclei,  therefore,  form  a  di^io^ 
broad  nuclear  layer  on  a  vertical  section  of  the  membrane,  as  the  cell* 
arc  nuuierons,  much  more  so,  indeed,  than  the  other  variety  of  rell. 
The  lower  or  attached  part  of  the  cell  may  l)e  branched. 

The  membranous  part  of  the  cochlea,  with  a  muscular  zone»  fornjinj 
its  outer  margin,  is  attached  to  the  outer  wall  of  the  canaK      Cammeuci 
ing  at  tlie  base  of  the  cochlea,  between  its  vestibular  and  tympanic  opei 
ings,  it  forms  a  partition  between  the-ae  apertures;  the  two  si^lie  are^i 
there  fere,  in  correspondence  w^ith  this  arrangement,  named  iteuUi  re^v 
bnli  and  scala  i^ipani  (fig.  403).      At  the  apex  of  the  cochlea,  the 
lamina  spiralis  ends  in  a  small  hamulus^  the  inner  and  concave  part  dt 
which,  Ijeing  detitched  from  the  summit  of  the  modiolus,  leaves  a  aniAll 
aperture  named  helieoirefna,  by  which  the  two  acalai,  separated  in  all  the 
rest  of  their  length,  commonicate. 

Besides  the  scala  vestibuli  and  acala  tympani,  there  is  a  third  iptc^ 
betweini  them,  called  seala  media  or  canal  membranaeetis  (CC,  fig.  403). 
In  section  it  is  triangular,  its  external  w^all  being  formed  by  the  wall  of 
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tlie  eochlea,  its  upper  wall  (separating-  it  from  the  seala  Testibuli)  by 
the  membrane  of  Keissner»  and  its  lower  wall  (separating  it  from  the 
tyiiipani)  by  tbe  basilar  inerabrane,  these  two  meeting  at  the  outer 

ledge  of  the  bony  lamina  spiralis.  Following  the  tnrns  of  the  coehlea  to 
its  apex,  the  ecala  media  there  terminates  blindly;  while  tow^anl  the  base 

kOf  the  cochlea  it  is  also  cloeed  with  the  exception  of  a  rery  narrow  pas- 
sage (canal is  reuniens)  imiting  it  with  the  sacculns.  The  seala  media 
{like  the  rest  of  the  membranous  labyrinth)  contains  endolymph. 

Orffan  of  Cortt\— Upon  the  basilar  membrane  are  arranged  cells  of 
farious  shapes.     About  midway  between  the  outer  edge  of  the  lamina 
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Fig.  408.— SectJou  through  one  ot  the  colls  ol  the  cochlea  (dtAsruninAtic).  ST,  scnU  tym- 
pani;  SV,  scala  vestibali;  CC,  (moAlls  cocMem  or  caoiilifi  ni4?mbraaacetti :  K,  membruut*  of 
HelMiiner;  iiat,  hunlnti  spiralis  <i«ea;  iU.  Itmbus  lamtnie  sptraUa ;  m,  sulcus splraUs;  nr,  t'LK:idear 
Derre:  gv,  ^auGtlioa  sciirale;  t.  membrana  baetoria  fbelow  the  meDibmuu  t<%toria  is  ttii^  lumLua 
recticularls) ;  6,  metnDratm  baailarte;  Co,  rofU  of  CortI;  Up^  itgamentum  Hplmte.     CQuaio.j 


Spiralis  and  the  outer  wall  of  the  cochlea  are  situated  the  rada  of  CortL 
Viewed  sideways,  they  are  seen  to  consist  of  an  external  and  internal 
pillar,  each  rising  from  an  expanded  foot  or  base  on  the  basilar  mem- 
l>rane  {o^  Hy  fig.  41)4).  They  slant  inward  toward  each  other,  and  each 
ends  in  a  swelling  termed  the  head;  the  head  of  the  inner  pillar  overly- 
ing that  of  the  outer  (fig.  404).  Each  pair  of  pillars  forms,  as  it  were, 
a  pointed  roof  arching  over  a  spiuje,  and  by  a  succe«sion  of  them  a  little 
tunnel  is  formed. 

It  hiis  l>een  estimated  that  tliere  are  about  3CK)0  of  these  pairs  of  pil- 
lars, in  proceeding  from  the  base  of  the  cochlea  to  ward  ita  apex.  They 
are  found  progressively  to  increase  in  length,  and  become  more  oblique; 
in  other  words  the  tunnel  becomes  wider,  but  diminishes  in  height  as  we 
approach  the  apex  of  the  cochlea.  Ijeaning,  m  it  were,  against  these 
external  and  internal  pillars  are  certain  other  cells,  of  which  the  external 
ones,  huir  cells  ^  terminr.te  in  small  hair- 1  ike  processes.  Most  of  the 
above  details  are  shown  in  the  accompanying  figure  (fig:  404).  This 
complicated  structure  rests,  as  we  have  seen,  upon  the  basilar  membrane; 
it  is  roofed  in  by  a  remarkable  fenestrated  membrane  or  lamina  reticu- 
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laris  into  the  fenostnt*  uf  wliieh  the  toi>s  of  the  variout  rod«  and  cellj 
Are  received.  When  viewed  from  ttbove,  the  organ  of  Corti  diowi  a 
remarkable  resemblance  to  the  key-board  of  a  piano*     In  close  rdntian 


fit 


It 


V 
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Fi*f.  4m,  — V.*rrical  «cctton  of  the  orf^an  of  Corti  frotn  \\m  do*?,  1  to  2,  Homofreaeoiu  taj*f 
of  ttn*  Hit  fjillt>l  iiieml>nina  hai»ilnris;  u,  v«!«ttHular  layer;  i%  tympanal  Inyor.  with  ritif*rf»(  uJ 
pro^npltuHrii;  n,  priilon|j^ii.tion  of  tympanal  p**rioHt«^UTiv  of  IjuninA  imirflUs  ossria;  e-.  thickened 
eanini('ih>Mi3pnt  of  (ht^  menibrarm  l)Af4llarit«  n**-ar  tlit*  point  of  r»^M'for;itlon  of  tho  nerrt*  *,•  rf, 
bIootl'V»*sse1  (vas  Rpiratt^):    *»,  bli>o<l-vt*8f»pl ;  jT,  nerve**:    jjr.  tJif»  >'i  -f  th#*  sulcus  spi  ml  it 

Inti^TiiuH;  t,  inU?rnal  or  tuft4vl  cell.  wit!i  hasil  proc««»Jti%  Biirrou'  fu-l»;'i  and  prouiptwan 

(of  the  granular  layer),  into  whlf»h  tiie  nervf-ibreii  ratliaU't  f,  h  •  iir*TT>Hl  hjiir-e*-!!;  «. 

hasf'^  or  fofit  of  inner  pillar  of  organ  of  L'orti ;  «i,  head  of  ttie  Hjwtn'  iji  -;<ini1- 

Inf^  (>art  of  ati  external  pilliir.  wh^me  under  half  i«  luisslnir.  wliile  tii<  pre- 

fieuU  both  miiliije  portion  and  liaitt^;  r /i  if ,  thri»e  ext^^nial  hftir -cells;  r  i  •**rlii|f 

hn,lr  or  tiifUHlt*ell«;  x.  mi-^tdXis}  sTjpiH»rthig-  cell  of  Heosen;  «?,  nenre-fllire  termimitiDi^  in  ltu*lb« 
of  the  external  haircellH;  II  io  /,  lamina  riHieulari*.     x  800.     <.Waldcyer,) 

with  the  rods  of  Corti  and  the  cells  inside  and  ontside  them,  and  proba* 
bly  projo(?tinpfljy  free  ends  into  the  little  tunnel  wintainin^  fluid  (nxifinl 
in  by  them)^  aie  iilnments  of  the  an<!itory  nerve.  These  are  derivofl 
from  the  cochlear  divigion  already  mentioned.  This  paaeee  np  the  axi» 
of  the  cochleiij  and  in  its  cnurfie  gives  off  fibres  to  the  lamina  spiralis. 
These  fibres  are  thick  at  their  origin,  but  thin  out  peripherally,  and 
containing  bipolar  ganglion  cells  form  the  ganglion  spiraU.  Beyond 
the  ganglion  at  the  edge  of  the  lamina  the  fibres  pass  up  and  beooina 
ronnocted  with  the  organ  of  ('orti. 

The  pHYsiOLoCfY  of  IIearxng, 

All  the  aconstio  contrivances  of  the  organ  of  hearing  are  means  for 
conducting  sonnd.  Since  all  matter  is  capable  of  propagating  sonorooA 
vibrations,  the  simplest  conditions  must  1m?  sufflcieut  for  mere  hearing; 
for  all  sutetances  surrounding  the  auditory  nerve  would  gtimulatc  it. 
The  whole  development  of  the  organ  of  hearings  therefore,  can  have  for  Iti 
object  merely  the  reu Bering  mnro  perfect  the  pro|vrtgation  of  the  sono- 
rous vibrations,  and  their  multiplication  by  resonance;  and,  in  fact,  the 
whole  of  the  acoustic  apparatus  may  be  shown  to  have  referent  to  these 
principles. 

The  external  auditory  ptttBaages  influence  the  propagation  of  sound 
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to  the  tympanum  in  three  ways: — 1,  by  causiug  thesonoroua  undulations, 
entering  directly  from  the  atmosphere,  to  be  transmitted  by  the  air  in 
the  passage  immediately  to  the  membrana  tympani,  and  thus  preventing 
them  from  being  dispersed ;  2,  by  the  walls  of  the  passage  conducting 
the  sonorous  undulations  imparted  to  the  external  ear  itself,  by  the 
shortest  path  to  the  attachment  of  the  membrana  tympani,  and  so  to  this 
membrane;  3,  by  the  resonance  of  the  column  of  air  contained  within  the 
passage;  4,  the  external  ear,  especially  when  the  tragus  is  provided  with 
hairs,  is  also,  doubtless,  of  service  in  protecting  the  meatus  and  mem* 
brana  tympani  against  dust,  insects,  and  the  like. 

Regarding  the  cartilage  of  the  external  ear,  therefore,  as  a  conductor 
of  sonorous  vibrations,  all  its  inequalities,  elevations,  and  depressions, 
become  of  evident  importance ;  for  those  elevations  and  depressions  upon 
which  the  undulations  fall  perpendicularly,  will  be  affected  by  them  in 
the  most  intense  degree;  and,  in  consequence  of  the  various  form  and 
position  of  these  inequalities,  sonorous  undulations,  in  whatever  direc- 
tion they  may  come,  must  fall  perpendicularly  upon  the  tangent  of  some 
one  of  them.  This  affords  an  explanation  of  the  extraordinary  form 
given  to  this  part. 

In  animals  living  in  the  atmosphere,  the  sonorous  vibrations  are  con- 
veyed to  the  auditory  nerve  by  three  different  media  in  succession;' 
namely,  the  air,  the  solid  parts  of  the  body  of  the  animal  and  of  the 
auditory  apparatus,  and  the  fluid  of  the  labyrinth.  Sonorous  vibrations 
are  imparted  too  imperfectly  from  air  to  solid  bodies,  for  the  propaga- 
tion of  sound  to  the  internal  ear  to  be  adequately  effected  by  that  means 
alone;  yet  already  an  instance  of  its  being  thus  propagated  has  been 
mentioned.  In  passing  from  air  directly  into  water,  sonorous  vibra- 
tions suffer  also  a  considerable  diminution  of  their  strength;  but  if  a 
tense  mombrane  exists  between  the  air  and  the  water,  the  sonorous  vi- 
brations are  communicated  from  the  former  to  the  latter  medium  with 
very  great  intensity.  This  fact,  of  which  Miiller  gives  experimental 
proof,  furnishes  at  once  an  explanation  of  the  use  of  the  fenestra  rotunda, 
and  of  the  membrane  closing  it.  They  are  the  moans  of  communicat- 
ing, in  full  intensity,  the  vibrations  of  the  air  in  the  tympanum  to 
the  fluid  of  the  labyrinth.  This  peculiar  property  of  membranes  is  the 
result,  not  of  their  tenuity  alone,  but  of  the  elasticity  and  capability  of 
displacement  of  their  particles;  and  it  is  not  impaired  when,  like  the 
membrane  of  the  fenestra  rotunda,  they  are  not  impregnated  with 
moisture. 

Sonorous  vibrations  are  also  communicated  without  any  perceptible 
loss  of  intensity  from  the  air  to  the  water,  when  to  the  membrane  form- 
ing the  medium  of  communication,  there  is  attached  a  short,  solid  body, 
which  occupies  the  greater  part  of  its  surface,  and  is  alone  in  contact 
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with  the  water.  This  fact  elucidates  the  action  of  the  fenestra  oTalia, 
ftud  of  the  plute  of  the  stapes  which  occupies  it,  and,  with  the  preceding 
fact,  filiows  thiit  hoth  fenestrie — that  closed  hy  membrane  only,  and  thdt 
with  wliich  tlie  movable  stapes  is  conuected — ^transmit  very  freely 
sonorous  vihrations  from  the  air  to  the  fluid  of  the  labyrinth, 

A  small,  solid  hody,  fixed  in  an  opening  by  means  of  a  border 
memhrane,  so  iis  to  be  movable,  comnnmicatefi  sonorous  vibrations  from 
air  on  the  one  side,  to  water,  or  the  fluid  of  the  labyrinth,  on  the  other 
side,  much  better  than  solid  media  not  so  eonatrueted.  But  the  propa- 
gtition  of  souud  to  the  titiid  is  rendered  much  more  perfect  if  the  solid 
conductor  thus  occupying  the  opening,  or  fenestra  ovalis,  ia  by  ita  other 
end  fixed  to  the  middle  of  a  tense  membrane,  which  has  atmospheric  air 
on  botli  side«.  A  t-i^nse  membrane  is  a  much  Ijctter  conduct<jr  of  the 
vibrations  of  air  than  any  other  solid  body  bounded  by  definite  snrfaceer 
and  the  vibrations  are  also  eommunicated  very  readily  by  tense  mem- 
branes to  aoliil  bodies  in  contact  with  them.  Thus,  then,  the  membranji 
tympani  serves  for  the  transmission  of  sound  from  the  air  to  the  chain 
of  ossicles.  Stretched  tightly  in  its  osseous  ring,  it  vibrates  with  the 
air  in  the  auditory  passage,  as  any  thin  tense  membrane  will,  when  the 
air  near  it  is  thrown  into  vibrations  by  the  sounding  of  a  tuning-fork 
or  a  musical  string.  And,  from  such  a  tense  vibrating  membrane,  the 
vibrations  are  conimunieated  with  great  intensity  to  solid  bodies  which 
touch  it  at  any  poitit.  If,  for  example,  one  end  of  a  flat  piece  of  wood 
be  applied  to  the  membrane  of  a  drum,  while  the  other  end  is  held  rn 
the  hanil,  vi  brut  ions  are  felt  distinctly  when  the  vibrating  tuning-fork 
is  held  over  tlie  membrane  without  touching  it;  hut  the  wood  alone, 
isolated  from  the  membrane,  will  only  very  feebly  propagate  the  vifafai* 
tiona  of  the  air  to  the  hand. 

In  eom|>aring  the  membrana  tympani  to  the  membrane  of  a  dram, 
however,  it  in  necessary  to  point  out  certain  important  differences, 

Wben  a  drum  is  struck,  a  certain  definite  tone  is  elicited  (funda- 
mental tone);  similarly  a  drum  is  thrown  into  vibration  when  certain 
tones  are  sounded  in  its  neighborhowl,  while  it  is  quite  unaffected  hy 
otliers.  In  other  words  it  can  oidy  take  up  anil  vibrate  in  response  to 
those  tones  whose  vibrations  nearly  correspond  in  number  with  those  of 
its  own  fundamental  tone.  Tlio  tympanic  membrane  can  take  up  an 
immense  range  of  ttjnes  produced  by  vibrations  ranging  from  30  to  4(XM> 
or  51*00  per  second.  This  would  be  clearly  impossible  if  it  were  an 
evenly  stretched  membrane. 

The  fact  is,  tluit  the  membrana  tympani  is  by  no  means  evenly 
stretched,  and  this  is  due  partly  to  its  slightly  funnel-like  form,  and 
partly  to  its  being  connected  with  the  chain  of  auditory  ossicles.  Fur- 
ther,  if  the  membrane  were  quite  free  in  its  centre,  it  would  go  on 
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Tibraiizig  as  a  drtxnt  doet  aome  time  after  it  is  gtruek,  and  each  sound 
would  bo  proloiigod,  leud'mg  to  conEiderabk  ooufuBiou.  Tills  evil  is 
obviatiHi  by  the  ear-boues,  which  check  the  contmuanee  of  the  vibrations 
like  the  **  dampers*'  in  a  pianoforte. 

The  ossieles  of  the  ear  are  the  better  conductora  of  the  sonorous  vi- 
brations communicated  to  them,  on  account  of  being  isolated  by  an 
atmosphere  of  air,  and  not  continuous  with  the  bones  of  the  eranium; 
for  every  solid  body  thus  isolated  by  a  different  medium,  jiropagates 
vibrations  with  more  intensity  through  its  own  substance  than  it  com- 
municates them  to  the  surrounding  medium,  which  thus  prevents  a 
depression  of  the  sound;  just  as  the  vibrations  of  the  air  in  the  tubes 
used  for  conducting  the  voice  from  one  apartment  to  another  are  pre- 
vented from  being  dispersed  by  the  solid  walls  of  the  tube.  The  vibra- 
tions of  the  membrana  tympani  arc  transmitted,  therefore,  by  the  chain 
of  pssicula  to  the  fenestra  ovalis  and  fluid  of  the  labyrinth,  their  di8|x^r- 
sion  in  the  tympanum  being  prevented  by  the  difficulty  of  the  transition 
of  vibrations  from  solid  to  gaseous  hoilies. 

The  necessity  of  the  presence  of  air  on  the  inner  side  of  the  mem- 
brana tympani,  in  order  to  enable  it  and  the  ossicula  auditus  to  fulfil  the 
objects  Just  described,  is  obvious.  Without  this  provision,  neither 
would  the  vibrations  of  the  membrane  be  free,  nor  the  chain  of  bones 
isolated,  so  as  to  propagate  the  sonorous  undulations  with  concentration 
of  their  intensity.     But  while  the  oscillations  of  the  ^       ^ 

membrana  tympani  are  readily  communicated  to  the  air 
in  the  cavity  of  the  tympanum,  those  of  the  solid  ossi- 
cula will  not  be  conducted  away  by  the  air,  but  will  be 
propagated  to  the  labyrinth  without  being  dispersed  in 
the  tympanum. 

The  propagation  of  sound  through  the  ossicula  tym- 
pani to  the  labyrinth,  must  he  affectt?d  either  by  oscil- 
lations of  the  bones,  or  by  a  kind  of  molecular  vibration 
of  their  particles,  or,  most  probably,  by  both  these  kinds 
of  motion. 

It  has  been  shown  that  the  existence  of  the  mem- 
brane over  the  fenestra  rotunda  will  permit  approxima- 
tion and  removal  of  the  stapes  to  aod  from  the  laby- 
rinth. When  by  the  stajMJs  the  membrane  of  the 
fenestra  ovalis  is  pressed  toward  the  labyrinth,  the 
membrane  of  the  fenestra  rotunda  may,  by  the  pressure  communicated 
through  the  fluid  of  the  labyrinth,  be  pressed  toward  the  cavity  of  the 
tympanum. 

The  long  process  of  the  malleus  receives  the  undulations  of  the  mem* 
branu  tympani  (fig.  405,  a,  a)  and  of  the  air  in  a  direction  indicated  by 
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the  arrows,  nearly  perpendicular  to  itself.  From  the  long  proceag  of 
the  malleus  they  are  propagated  to  its  head  (b) :  thence  into  the  incus  (^), 
the  long  process  of  which  is  parallel  with  the  long  process  of  the  malleus. 
From  the  long  process  of  the  incus  the  undulations  are  communicated 
to  the  stapes  (J),  which  is  united  to  the  incus  at  right  angles.  The 
several  changes  in  the  direction  of  the  chain  of  bones  ha^e,  however,  no 
influence  in  changing  the  character  of  the  undulations,  which  remain  the 
same  as  in  the  meatus  externus.  From  the  long  process  of  the  malleus, 
the  undulations  are  communicated  by  the  stapes  to  the  fenestra  ovalis 
in  a  perpendicular  direction. 

Increasing  tension  of  the  rnqmbrana  tympani  diminishes  the  facility 
of  transmission  of  sonorous  undulations  from  the  ^ir  to  it. 

The  dry  membrana  tympani,  on  the  approach  of  a  body  omits  a  loud 
sound,  rejects  particles  of  sand  strewn  upon  it  more  strongly  when  lax 
than  when  very  tense;  and  it  has  been  inferred,  therefore,  that  hearing 
is  rendered  less  acute  by  increasing  the  tension  of  the  membrana  tym- 
pani. 

The  pharyngeal  orifice  of  the  Eustachian  tube  is  usually  shut;  dur- 
ing swallowing,  however,  it  is  opened;  this  may  be  shown  as  follows:— 
If  the  nose  and  mouth  be  closed  and  the  cheeks  blown  out,  a  sense  of 
pressure  is  produced  in  both  ears  the  moment  we  swallow;  this  is  due, 
doubtless,  to  the  bulging  out  of  the  tympanic  membrane  by  the  com- 
pressed air,  which  at  that  moment  enters  the  Eustachian  tube. 

Similarly  the  tympanic  membrane  may  Ije  pressed  in  by  rarefying 
the  air  in  the  tympanum.  This  can  bo  readily  accomplished  by  closing 
the  mouth  and  nose,  and  making  an  inspiratory  effort  and  at  the  same 
time  swallowing.  In  l)oth  cases  the  sense  of  hearing  is  temporarily 
dulled;  proving  that  equality  of  pressure  on  both  sides  of  the  tympanic 
membrane  is  necessary  for  its  full  efficiency. 

The  principal  office  of  the  Eustachian  tube  has  relation  to  the  pre- 
vention of  these  effects  of  increased  tension  of  the  membrana  tympani. 
Its  existence  and  openness  will  provide  for  the  maintenance  of  the  equi- 
librium between  the  air  within  the  tympanum  and  the  external  air,  so 
as  to  prevent  the  inordinate  tension  of  the  membrana  tympani  which 
would  be  produced  by  too  great  or  too  little  pressure  on  either  side. 
While  discharging  this  office,  however,  it  will  serve  to  render  sounds 
clearer,  as  the  apertures  in  violins  do;  to  supply  the  tympanum  with 
air;  and  to  bean  outlet  for  mucus.  If  the  tube  Wkive  permanent  It/ open^ 
the  sound  of  one's  own  voice  would  probably  be  greatly  intensified,  a 
condition  Which  would  of  course  interfere  with  the  perception  of  other 
sounds.  At  any  rate,  it  is  certain  that  sonorous  vibrations  can  be  prop- 
agated up  the  tube  to  the  tympanum  by  means  of  a  catheter  inserted 
into  the  pharyngeal  orifice  of  the  Eustachian  tube. 
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The  influence  of  the  tensor  tympani  muscle  in  modifying  hearing 
may  also  be  probably  explained  iu  connection  with  the  regulation  of  the 
tension  of  the  membrana  tympani.  If,  through  reflex  nervous  action, 
it  can  be  excited  to  contraction  by  a  very  loud  sound,  then  it  is  mani- 
fest that  a  very  intense  sound  would,  through  the  action  of  this  muscle, 
induce  a  deafening  or  muffling  of  the  ears.  In  favor  of  this  supposition 
we  have  the  fact  that  a  loud  sound  excites,  by  reflection,  nervous  action, 
winking  of  the  eyelids,  and,  in  persons  of  irritable  nervous  system,  a 
sudden  contraction  of  many  muscles. 

The  exact  influence  of  the  stapedius  muscle  in  hearing  is  unknown. 
It  acts  upon  the  stapes  in  such  a  manner  as  to  make  it  rest  obliquely  in 
the  fenestra  ovalis,  depressing  that  side  of  it  on  which  it  acts,  and  ele- 
vating the  other  side  to  the  same  extent.  It  prevents  too  great  a  move- 
ment of  the  bone. 

The  fluid  of  the  labyrinth  is  the  most  general  and  constant  of  the 
acoustic  provisions  of  the  labyrinth.  In  all  forms  of  organs  of  hearing, 
the  sonorous  vibrations  affect  the  auditory  nerve  through  the  medium 
of  liquid — the  most  convenient  medium,  on  many  accounts,  for  such  a 
purpose. 

The  otoliths  in  the  labyrinth  would  reinforce  the  sonorous  vibrations 
by  their  resonance,  even  if  they  did  not  actually  touch  the  membranes 
upon  which  the  nerves  are  expanded;  but,  inasmuch  as  these  bodies  lie 
in  contact  with  the  membranous  parts  of  the  labyrinth,  and  the  vestibu- 
lar nerve-fibres  are  imbedded  in  them,  they  communicate  to  these  mem- 
branes and  the  nerves,  vibratory  impulses  of  greater  intensity  than  the 
fluid  of  the  labyrinth  can  impart.  This  appears  to  be  their  office.  So- 
norous undulations  in  water  are  not  perceived  by  the  hand  itself  immersed 
in  the  water,  but  are  felt  distinctly  through  the  medium  of  a  rod  held 
in  the  hand.  The  fine  hair-like  prolongations  from  the  epithelial  cells 
of  the  ampullsB  have,  probably,  the  same  function. 

The  function  of  the  semicircular  canals  in  the  co-ordination  of 
movements  necessary  to  the  maintenance  of  the  equilibrium  of  the  body 
has  already  been  indicated. 

The  cochlea  seems  to  be  constructed  for  the  spreading  out  of  the 
nerve-fibres  over  a  wide  extent  of  surface,  upon  a  solid  lamina  which 
communicates  with  the  solid  walls  of  the  labyrinth  and  cranium,  at  the 
same  time  that  it  is  in  contact  with  the  fluid  of  the  labyrinth,  and 
which,  besides  exposing  the  nerve-fibres  to  the  influence  of  sonorous 
undulations,  by  two  media,  is  itself  insulated  by  fluid  on  either  side. 

The  connection  of  the  lamina  spiralis  with  the  solid  walls  of  the 
labyrinth,  adapts  the  cochlea  for  the  perception  of  the  sonorous  undula- 
tions propagated  by  the  solid  parts  of  the  head  and  the  walls  of  the  laby- 
rinth.    The  membranous  labyrinth  of  the  vestibule  and  semicircular 
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caoals  is  suspended  free  in  the  perilymph,  and  is  destined  more  particu- 
larly for  tho  perception  of  sounds  through  the  medium  of  that  fluid, 
whtither  the  sonoroufl  undulations  he  imparted  to  the  fluid  through  the 
feuestriB,  or  by  the  intervention  of  the  cranial  bones,  aa  when  sounding 
bodies  are  brought  into  communication  with  the  head  or  teeth.  The 
spiral  lamina  on  which  the  nervous  Mbrea  are  expanded  in  the  cochlei, 
is,  on  the  contrary,  continuous  with  the  solid  walls  of  the  labyrinth,  and 
receiver  directly  from  them  the  impulses  which  the}^  transmit*  This  is 
an  important  advantage;  for  the  impulses  imparted  by  solid  bodies, 
have»  cwier is  paribus^  a  greater  absolute  intensity  than  those  communi- 
cated by  water.  And^  even  when  a  sound  is  excited  in  the  water,  the 
sonorous  undulations  are  more  intense  in  the  water  near  the  surface  of 
the  vessel  coiitaiuing  it,  than  in  other  parts  of  the  water  equally  distant 
from  the  puiufc  of  origin  of  the  sound;  thus  we  may  conclude  thit^ 
cmieris  jiarilmSy  the  sonorous  undulations  of  solid  bodies  act  with  greater 
intensity  than  those  of  water.  Hence,  we  perceive  at  once  an  important 
use  of  the  cochlea. 

This  is  not,  however,  the  sole  oflico  of  the  cochlea;  the  spiral  lamina, 
as  well  4is  the  membranous  labyrinth,  receives  sonorous  impulses  through 
the  medium  of  the  fluid  of  the  labyrinth  from  the  cavity  of  the  vestibule, 
and  from  the  fenestra  rotunda.  The  lamina  spiralis  is,  indeed,  much  A 
better  calculated  to  render  the  action  of  these  undulations  upon  the  " 
auditory  nerve  eflicieut,  than  the  membranous  labyrinth  is;  for  as  a  solid 
body  insulated  by  a  different  medium,  it  is  capable  of  resonance. 

The  rods  of  Corti  are  probably  arranged  so  that  each  is  set  to  vibrate 
in  unison  with  a  particular  tone,  and  thus  strike  a  particular  note,  the 
sensation  of  which  is  carried  to  the  brain  by  those  filaments  of  the  audi- 
tory nerve  with  which  the  little  vibrating  rod  is  connecteii.  The  dis- 
tinctive function,  therefore,  of  these  minute  bmlies  is,  probably,  to 
render  sensible  to  the  brain  the  various  musical  notes  and  tones,  one  of 
them  answering  to  one  tone,  and  one  to  another;  while  perhaps  the 
other  parts  of  the  organ  of  hearing  discriminate  between  the  intensities 
of  different  sounds,  rather  than  their  qualities. 

**  In  the  cochlea  wo  have  to  do  with  a  Beries  of  apparatus  adapted  for 
performing  sympathetic  vibrations  with  wonderful  exactness.  We  have 
here  before  us  a  musical  instrument  which  is  designed,  not  to  create 
musical  sounds,  but  to  render  thorn  perceptible,  and  which  is  similar  in 
construction  to  artificial  musical  instruments,  but  which  far  surpaaaes 
them  in  the  delicacy  as  well  as  the  simplicity  of  its  execution.  For, 
while  in  a  piano  every  string  must  have  a  separate  hammer  by  means  of 
which  it  is  sounded  the  ear  possesses  a  single  hammer  of  an  ingenious 
form  in  its  ear  bones,  which  can  make  every  string  of  the  organ  of  Corti 
sound  separately.  *'     ( Bernstein. ) 
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Since  about  3000  rods  of  Corti  are  preseDt  in  the  human  ear,  this 
would  give  about  400  to  each  of  the  seven  octaves  which  are  within  the 
compaas  of  the  ear.  Thus  about  32  would  go  to  each  semi'tone,  Webor 
asserts  that  accomplished  musicians  can  appreciate  differc^nces  in  [utch 
as  small  as  ^^^th  of  a  tone.  Thus  on  the  theory  above  advanced,  the 
delicacy  of  discrimination  would>  in  thia  case,  appear  to  have  reached 
its  limits. 

Sounds. 

Any  elastic  body,  r.</.»  air,  a  memlirane,  or  a  string  performing  a 
certiiin  number  of  regular  vibrationa  in  the  second,  gives  rise  to  what 
is  termed  a  musical  sound  or  tone.  We  must,  however,  distinguish  Ikj- 
tween  a  musical  sound  and  a  mere  noise;  the  latter  being  due  to  irregular 
vibrations. 

Mnsicjd  sounds  are  distinguished  from  each  other  by  three  f|ualitie8* 
L  Sirentffh  or  intensity,  which  is  due  to  the  amplitude  or  length  of  the 
vibrations,  ti.  Fiich^  wbich  depends  upon  the  number  of  vibrations  in 
a  second.  3.  QnalUy^  Color^  or  Timbre,  It  is  by  this  property  that 
we  distinguish  the  same  note  sounded  on  two  instruments,  ej/.^  a  piano 
and  a  flute.  It  luw  been  proved  by  llelmholtz  to  depend  on  the  number 
of  secondary  tones,  termed  harmonics^  which  arc  present  with  the  pre- 
dominating or  fundamental  tone. 

It  would  appear  that  two  impulses,  which  are  equivalent  to  four  single 
or  half  vibrations,  are  sufficient  to  produce  a  definite  note,  audible  as 
such  through  the  auditory  nerve. 

The  maximum  and  minimum  of  the  intervals  of  successive  impulses 
still  appreciable  tlirouglt  the  auditory  nerve  as  determinate  sounds,  have 
Iteen  det^irmined  by  Savart.  If  their  intensity  is  sutbciently  great, 
sounds  are  still  audible  which  result  from  the  succession  of  48, (HK)  half 
vibrations,  or  24,000  impulses  in  a  second;  and  this,  probably,  is  not 
the  extreme  limit  in  acuteness  of  sounds  perceptible  by  the  ear.  For 
the  opposite  extreme,  he  has  succeeded  in  rendering  sounds  audible 
which  were  [iroduced  by  only  fourteen  or  eighteen  half  vibrations,  or 
seven  or  eight  impulses  in  a  second ;  and  sounds  still  deeper  might  prob- 
ably be  heard,  if  the  individual  impulses  could  be  sufficiently  prolongeiL 

Direriion. — The  power  of  i>erceiving  the  direction  of  sou  nth  is  not 
a  faculty  of  the  sense  of  hearing  itself,  but  is  an  act  of  the  mind  judging 
on  experience  previously  acfpiired.  From  the  modifications  which  the 
sensation  of  sound  undergoes  according  to  the  direction  in  which  the 
sound  reaches  us,  the  mind  infers  the  position  of  the  soundiu^  body. 
The  only  true  guide  for  this  inference  is  the  more  intense  action  of  the 
sound  upon  one  than  upon  the  otlier  ear.  But  even  here  there  ia  room 
for  much  deception,  by  the  influence  of  reflexion  or  resonance,  and  by 


676  HANDBOOK  OP  PHYSIOLOGY. 

the  propagation  of  sound  from  a  distance,  without  lose  of  intensity, 
through  curved  conducting  tubes  filled  with  air.  By  means  of  such  tubes, 
or  of  solid  conductors,  which  convey  the  sonorous  vibrations  from  their 
source  to  a  distant  resonant  body,  sounds  may  be  made  to  appear  to  orig- 
inate in  a  new  situation.  The  direction  of  sound  may  also  be  judged 
of  by  means  of  one  ear  only;  the  position  of  tho  ear  and  head  being 
varied,  so  that  the  sonorous  undulations  at  one  moment  fall  upon  the 
ear  in  a  perpendicular  direction,  at  another  moment  obliquely.  But 
when  neither  of  these  circumstances  can  guide  us  in  distinguishing  the 
direction  of  sound,  as  when  it  falls  equally  upon  both  ears,  its  source 
being,  for  example,  either  directly  in  front  or  behind  us,  it  becomea 
impossible  to  determine  whence  the  sound  comes. 

Distance, — The  distance  of  the  source  of  sounds  is  not  recognized  bj 
the  sense  itself,  but  is  inferred  from  their  intensity.  •  The  sense  itself  is 
always  seated  but  in  one  place,  namely,  in  our  ear;  but  it  is  interpreted 
as  coming  from  an  exterior  soniferous  body.  When  the  intensity  of  the 
voice  is  modified  in  imitation  of  the  effect  of  distance,  it  excites  the 
idea  of  its  originating  at  a  distance.  Ventriloquists  take  advantage  of 
tho  difficulty  with  which  the  direction  of  sound  is  recognized,  and  also 
the  influence  of  the  imagination  over  our  judgment,  when  they  direct 
their  voice  in  a  certain  direction,  and  at  the  same  time  pretend,  them- 
selves, to  hear  the  sounds  as  coming  from  thence. 

Intensity, — By  removing  one  or  several  teeth  from  tho  toothed  wheel 
the  fact  has  been  demonstrated  that  in  the  case  of  the  auditory  nerve, 
as  in  that  of  the  optic  nerve,  the  sensation  continues  longer  than  the  im- 
pression which  causes  it;  for  a  removal  of  a  tooth  from  the  wheel  pro- 
duced no  interruption  of  the  sound.  The  gradual  cessation  of  the  sen- 
sation of  sound  renders  it  difficult,  however,  to  determine  its  exact 
duration  beyond  that  of  the  impression  of  the  sonorous  impulses. 

So  we  see  that  the  effect  of  the  action  of  sonorous  undulations  upon 
tlie  nerve  of  hearing,  endures  somewhat  longer  than  the  period  during 
which  the  undulations  are  passing  through  the  ear.  If,  however,  the 
impressions  of  the  same  sound  be  very  long  continued,  or  constantly 
repeated  for  a  long  time,  then  the  sensation  produced  may  continue  for 
a  very  long  time,  more  than  twelve  or  twenty-four  hours  even,  after  the 
original  cause  of  the  sound  has  ceased. 

Binaural  Sensations, — Corresponding  to  the  double  vision  of  the 
same  object  with  the  two  eyes,  is  the  double  hearing  with  the  two  ears; 
and  analogous  to  the  double  vision  with  one  eye,  dependent  on  unequal 
refraction,  is  the  double  hearing  of  a  single  sound  with  one  ear,  owing 
to  the  sound  coming  to  tlie  ear  through  media  of  unequal  conducting 
power.  The  first  kind  of  double  hearing  is  very  rare;  instances  of  it, 
however,  have  been  recorded.     The  second  kind  which  depends  on  the 
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bneqiinl  cunducting  power  of  two  media  through  which  the  same  sound 
is  tmnsmitted  to  the  ear,  may  easily  be  experienced.  If  a  small  bell  be 
sounded  in  water,  while  the  ears  are  clost^d  by  plugs,  and  a  solid  con- 
ductor bu  interposed  between  the  water  and  the  ear,  two  sounds  wiU  be 
he4ird  di tiering  in  intensity  and  tone;  one  being  conveyed  to  the  ear 
tlirough  the  medium  of  the  atmosphere,  the  other  through  the  conduct- 
ing-rod. 

Su/fjeetire  Sefisaiioiis, — Subjective  sounds  are  the  result  of  a  state  of 
irritation  or  excitement  of  the  auditory  nerve  produced  by  other  causes 
than  sonorous  impulses,  A  state  of  excitement  of  this  nerve,  however 
induced,  gives  rise  to  the  sensation  of  sound.  Hence  the  ringing  and 
buzzing  in  the  ears  beard  by  persons  of  irritable  and  exhaosted  nervous 
system,  and  by  patients  with  cerebral  disease,  or  disease  of  the  auditory 
nerve  itself;  hence  also  the  noise  in  the  ears  Iieard  for  some  time  after  a 
long  journey  in  a  rattling,  noisy  vehicle,  Ritter  found  that  electric 
currents  also  excite  sounds  in  the  ears.  From  the  above  truly  subjective 
sound  we  nmst  distinguish  those  dependent,  not  on  a  state  of  the  atuli- 
tory  nerve  itself  merely,  but  on  sonorous  vibrations  excited  in  the  audi- 
tory apparatus.  Such  are  the  buzzing  sounds  attendant  on  vascular 
congestion  of  the  head  and  ear,  or  on  aneurismal  dilatation  of  tlie  ves- 
sels. Frequently  even  the  simple  pulsatory  circulation  of  the  blood  in 
the  ear  is  heard.  To  the  sounds  of  this  class  belong  also  tlie  buzz  or 
hum,  heard  during  the  contraction  of  the  palatine  muscles  in  the  act  of 
yawning,  during  the  forcing  of  air  into  the  tympanum  so  as  to  make 
tense  the  mem  bran  a  tympani,  and  in  the  act  of  blowing  the  nose,  as  well 
cs  during  the  forcible  depression  of  the  lower  jaw. 

Irritation  or  excitement  of  the  auditory  nerve  is  capable  of  giving 
rise  to  movements  in  the  body,  and  to  sensiitions  in  other  organs  of 
sense.  In  both  cases  it  is  probable  that  the  laws  of  reflex  action,  through 
the  medium  of  the  brain,  come  into  play.  An  intense  and  sudden  noise 
excites,  in  every  person,  closure  of  the  eyelids,  and,  in  nervous  indi- 
viduals, a  start  of  the  whole  body  or  an  unpleasant  sensation,  like  that 
produced  by  an  electric  shock,  throughout  the  body,  and  sometimes  a 
particular  feeling  in  the  external  ear.  Various  sounds  cause  in  many 
people  a  disagreeable  feeling  in  the  teeth,  or  a  sensation  of  cold  tickling 
through  the  body,  and,  in  some  people,  intense  sounds  are  said  to  make 
the  saliva  collect. 

V.  Sight. 

Anatomy  of  the  Optical  Apparatus, — The  eyelids  consist  of  two  mov- 
able folds  of  skin,  each  of  which  is  kept  in  shape  by  a  thin  plate  of 
yellow  elastic  tissue.      Along  their  free  edges  are  inserted  a  number  of 
curved  hairs  (eyelashes) ^   which,   when  the  lids  arc  half  closed,  serve 
44 
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to  protect  the  eye  from  dust  and  other  foreign  bodies:  their  tactile  sen- 
sibility is  also  very  delicate. 

On  the  inner  sarface  of  the  elastic  tissue  are  disposed  a  number  of 
small  racemose  glands  (Meibomian),  whose  ducts  open  near  the  free  edge 
of  the  lid. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly  sensitiTe 
mucous  membrane  (conjuncHva)^  which  is  continuous  with  the  skin  at 
the  free  edge  of  each  lid,  and  after  lining  the  inner  surface  of  the  eyelid 
is  reflected  on  to  the  eyeball,  being  somewhat  loosely  adherent  to  the 
sclerotic  coat.  The  epithelial  layer  is  continued  over  the  cornea  at  its 
anterior  epithelium.  At  the  inner  edge  of  the  eye  the  conjanctiya 
becomes  continuous  with  the  mucous  lining  of  the  lachrypal  sac  and 
duct,  which  again  is  continuous  with  the  mucous  membrane  of  the 
inferior  meatus  of  the  nose. 

The  lachrymal  glandy  composed  of  several  lobules  made  up  of  acini 
resembling  the  serous  salivary  glands,  is  lodged  in  the  upper  and  outer 
angle  of  the  orbit.  Its  secretion,  which  issues  from  several  ducts  on 
the  inner  surface  of  the  upper  lid,  under  ordinary  circumstances  just 
suf¥ices  to  keep  the  conjunctiva  moist.  It  passes  out  through  two  small 
openings  (puncta  lachrymalia)  near  the  inner  angle  of  the  eye,  one  in 
each  lid,  into  the  lachrymal  sac,  and  thence  along  the  nasal  duct  into 
the  inferior  meatus  of  the  nose.  The  excessive  secretions  poured  out 
under  the  influence  of  any  irritating  vapor  or  painful  emotion  overflows 
the  lower  lid  in  the  form  of  tears. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  mnscle 
(orbicularis) J  supplied  by  the  facial  nerve;  the  upper  lid  is  raised  by  the 
levator  j^dlpebrm  superioris^  which  is  supplied  by  the  third  nerve. 

The  Eyeball. 

The  eyeball  or  the  organ  of  vision  (fig.  406)  consists  of  a  variety  of 
structures  which  may  be  thus  enumerated : — 

The  schrotiCy  or  outermost  coat,  envelops  about  five-sixths  of  the 
eyeball:  continuous  with  it,  in  front,  and  occupying  the  remaining 
sixth,  is  the  cornea.  Immediately  within  the  sclerotic  is  the  choroid 
coat,  and  within  the  choroid  is  the  retina.  The  interior  of  the  eyeball 
is  well-nigh  filled  by  the  aqueous  and  vitreous  humors  and  the  crystalline 
lens:  but,  also,  there  is  suspended  in  the  interior  a  contractile  and  per- 
forated curtain, — the  iris,  for  regulating  the  admission  of  light,  and 
behind  at  the  junction  of  the  sclerotic  and  cornea  is  the  ciliary  muscle, 
the  function  of  which  is  to  adapt  the  eye  for  seeing  objects  at  various 
distances. 

Structure  of  the  Sclerotic  Coat.— The  sclerotic  coat  is  composed  of 


tough,  and  opaque,  and  not  very  elastic*  It  is  separated  from  the 
choroid  by  a  considerable  lymphatic  space  (perichoroidal)^  and  this  is  in 
connection  with  smaller  spaces  lined  with  endothelium  in  the  sclerotic 
coat  itself.  There  is  a  lymphatic  space  also  outside  the  sclerotic  sepa- 
rating it  from  a  loose  investment  of  connective  tissue  called  the  capsule 
of  TenoJL  The  innermost  layer  is  made  up  of  loose  connective  tisane 
and  pigment- cells,  and  is  called  the  lamina  fusca, 

Struciure  of  ike  Cornea. — -The  cornea  is  a  transparent  membrane 
which  forms  a  segment  of  a  smaller  sphere  than  the  rest  of  the  eyeball. 


h 


Fig.  407.— Vertlcft)  «eetioo  of  rabhU'a  cornea.  «,  Anterior  epithelluin.  uliowlnjg  the  dlflfCT«iit 
flifaapeit  of  the  i»lU  at  'various  depths  from  the  free  surface ;  6,  portion  of  the  subetaace  of 
—  -      (Klein.) 


and  is  let  in,  as  it  were,  into  the  sclerotic  with  which  it  is  continuous 
all  round.     It  is  covered  by  laminated  epithelium  (a,  fig*  407),  consiftt- 
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ing  of  sovt!ii  or  eight  layers  of  cells,  of  whicli  the  superficial  one 
Hattened  and  seaiy,  and  the  deeper  ones  more  or  less  colamnar.     Imiad-I 
diately  beneath  t)iiB  is  the  anterior  elastic  lam ide  of  Bowman,  wbicli] 
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Wig,  406.  — Iliirlzocital  pr^parAtkm  of  i3oni«a  of  frog:  sbowinf^r  the  network  of  braiic>h«d 
oor]>u»clea.    The  grouzul  subBt&noe  is  ooiDplQte^  oolorleeoi.     X  •«*>.  (Klein.) 

differs,  only  in  being  more  condensed  tisane,  from  the  general  structure 
of  the  cornea  or  cornea  proper. 

This  latter  tissue,  as  well  as  its  epithelium  is,  in  the  adult,  com- 
pletely destitute  of  blood-Tessels;  it  consists  of  an  intercellular  ground- 
Bubstance  of  rather  obscurely  fibrillated  flattened  bundles  of  counectiTo  I 
tissue,  arranged  parallel  to  the  free  surface,  and  forming  the  boundaries 
of  branched  aoiistuniosing  spaces  in  wliicli  the  coraeu-corpusclea  He. 
These  branched  cornea-corpuscles  have  been  seen  to  creep  by  amceboid 


Fi|r,  CA.— eurfaoe  Tlew  of  nut  of  UmeUa  of  Mtteo^  ooni«^  proMVad 
poU«h  and  tben  witii  ottnte  of^ftUyer,  CBv  this  method  tlie  braodbedoonic 
their  mmiUr  protopUam  and  Uirge  or&l  oticlei  are  brougrht  out^) 
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with  caiflik 
pufldeK  m\V^ 
D  AOd  Notto 


mo?eQient  from  one  branched  space  into  another.  At  its  posterior  gur- 
fioe  the  cornea  is  limited  hy  iht  postsriar  elastic  lamina^  or  membram 
^D$$e$m§it  similar  in  structure  to  the  anterior  elastic  lamina,  the  inner 
la}*er  of  which  oansistsof  a  single  stratum  of  epithelial  oells  (fig.  410,  i). 
Jf§rv$ii, — The  nerves  of  the  cornea  are  both  large  and  namerons:  the; 
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are  derived  from  the  miliary  nerves.  Thej  traverse  the  substance  of  the 
cornea,  in  which  some  of  them  near  the  aiitjerior  surface  break  up  into  axis 
cylinders,  and  their  primitive  tibriil^.  The  latter  form  a  plexus  imme- 
diately beneath  the  epithelium,  from  which  delicate  fibrils  paas  up 
between  the  cells  anastomosing  with  horizontal  braneljes,  and  forming  a 
deep  intra-epithelial  plexus,  from  which  still  finer  fibres  ascend,  till  near 
the  surface  they  forma  superficial  intra-epithelial  net-svork.  Most  of 
the  primitive  fibrillar  have  a  beaded  or  varicose  appearance.     The  cornea 


4-35 


Fi^^  410. 


Fijf.  ill. 


Tig,  410*— Vertical  seetioD  nt  vnhhWH  coraea,  st&iDed  with  (?ol4  chloHde.  «,  Lanilnated 
aaterlor  epItheUiiiu.  Imtni^diatcly  1»eueath  thiA  ifl  ihe  autf^nOr  elii^stjc  lamina  of  Bow inim.  fw 
Nerres  forming  adelimtv  Hub-PI^it^lt•tml  i3(txu8,  »nd  •widlag  up  Hue  twiK«  IjetwwMi  the  epithelial 
cells  to  efod  in  a  aeeuDd  iik^xur;  *m  the  free  surface:  d;  I>eaceoiet'H  inemhrrmei,  constttting  of  a 
ftoe  ulaatrfo  layer*  and  a  sfn^le  laytr  of  epithell&l  cells ;  the  sabitaDee  uf  the  corrnea,  /,  \s  seen 
to  b*»  nhrlllated,  and  coDiaiuH  mauy  hiyepH  f»f  branch«i  corposclea,  airanpxl  |iariLUel  to  the  tree 
surface,  and  herp  stsiti  edgruwise.     tSehofleld.  > 

FtK.  411.  — S+x-tion  thrnuBfb  tlie  chnr^iid  rtmt  of  thf*  human  eye.  I,  elastic  membrane,  stmo- 
tureteiift  or  fintfiy  HIiriUatJE^cl:  2^  chorio-capillaris  or  tunica  Kuyschlaaa;  S,  Proper  substance  of 
tb«  choroid  witli  lar^  ve»sei«i  cut  through ;  4,  ttupraeboroldea^  5,  Bclerotic.      CSchwalbe.) 


has  no  blood-vessels  penetrating  its  structure,  nor  yet  lymphatic  vessels 
proper.  It  is  nourished  by  the  circulation  of  lymph  in  the  spaces  in 
which  the  cornea  corpuscles  lie.  These  communicate  freely  and  form  a 
lymph-canal icular  system, 

Sfructifre  of  the  Chf*roid  Coat  {fnnim  rasculma). — This  coat  is 
attached  to  the  inner  layer  of  the  sclerotic  in  front  at  the  corneo-scleral 
junction  and  behind  at  the  entrance  of  the  optic  nerve,  elsewhere  it  if 
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connected  to  it  only  by  loose  connective  tissue.  Its  externit  i 
formed  chiefly  of  elastic  fibres  and  large  pigment  corpusclea  loopcljr 
arranged  and  containing  lymphatic  spaces  lined  with  endothelium.  Thi« 
is  the  miprachoroideu.  More  internally  is  a  layer  of  art4?rie8  and  Teins 
arranged  in  a  system  of  venous  whorls,  together  with  elastic  fibres  uid 


5         r 


rt;.  4ti.  PBOttoa  ttroill^  the  eje  owrie^  throujfli  ttte  ciliary  prtiOWMt,  1#  Ootdm ;  t,  etm- 
hwme  of  DfUfWinit;  8^  iclerDtJc;  8%  conK^o-sclfrAl  juorrtioii;  <  auuU  of  St^Temni:  ft*  Telii:  ^ 
imclflftted  oetwork  oa   inner  wall  of  cana.)  of  Schli'mitir  7.  U^.  pei-r  Idls.  aJb«:  (^  In* 

ilnNim;   ft,  ptf^ment  of   iris;    10,  ciliary   untet*KH»'«;    11.  cil((ir>'  tnUKi  coid   Uflouf*;    U^ 

mcrldion&l  and  14«  nullatini?  Abrt^  of  eflmry  muscle;  15,  liog  luusil-  >  ,  Itfs  circular «i 

angular  buodlea  of  cillArj  muscle.     (.SchwiLlbej 


pigment  cells.  The  lymphatics,  too,  are  well  developed  around 
blood-vessels,  and  there  are  besides  distinct  lymph  spaced  lined  with  en- 
dothelium. Internally  to  this  is  a  layer  of  fine  capillaries,  very  dense  and 
derived  from  the  arteries  of  the  outer  coat  and  ending  in  veins  in  that 
coat  It  contains  corpuscles  without  pigment,  and  lymph  spacer  which 
surround  the  blood-vessels  {metnbrana  choruhcapillaHs),  It  ia  separated 
from  the  retina  by  a  fine  elastic  membrane  {membrane  of  Br^ich)^  which 
is  either  structureless  or  finely  tibriUated. 

The  choroid  coat  ends  in  front  in  what  are  called  the  ciliary  prottssfi 
(fig.  412),  These  consist  of  from  70  to  80  meridionaUy  arraitged 
radiating  plaits,  which  consist  of  blood-vessels,  fibrous  connective  ti^s^ieT 
and  pigment  corpuscles.  They  are  lined  by  a  continuation  of  Uie  tuem- 
brane  of  Bruch.  The  ciliary  processes  terminate  abruptly  at  the  margiii 
of  the  lens.  The  ciliary  muscle  (13,  14  and  15,  fig.  ilt)^  which  roay  be 
considered  to  form  part  of  the  processes,  is  situated  betwi^n  tbt 
Bclerotic  (at  the  corneo-scleral  junction)  And  the  folds  of  the  ciltafj 
procesaes.  It  is  a  ring  of  mus(de,  'A  mm.  broad  and  8  mm.  thick,  maitt 
up  of  fibrf^  running  in  two  or  three  directions,  {a)  Meridional  fihr«i 
near  the  sclerotic  and  passing  to  the  choroid;  (h)  radial  fibrea,  paasing 
toward  the  centre;  and  (c)  circular  fibres,  more  internal,  and  constttat- 
ing  the  Bo*called  ciliary  sphincter. 

The  Iris* — The  iris  is  a  continuation  of  the  choroid  inward  beyond 
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the  ciliary  processes.  It  is  a  fibro-mnsctilar  membrane  perforated  by  a 
central  aperture,  the  pupil  It  ia  made  up  chiefly  of  blood-vessels  and 
connective  tissue  with  pigment  and  uustriuted  muscle. 

Poeteriorly  are  two  layers  of  pigment  cells  (nven)^  in  which  are  repre- 
sented the  two  layers  of  cells  of  which  the  optic  vesicle  is  originally 
formed,  and  behind  which  are  the  retina  proper  and  its  pigment  layer. 
In  the  iris  representatives  of  both  layers  are  deeply  pigmented.  The 
structure  of  the  iris  proper  is  made  of  connective  tissue  in  front  with 
corpuscles  which  may  or  may  not  be  pigmented,  and  behind  of  similar 
tissue  supporting  blood-vessels- inclosed  in  connective  tissue.  The  pig- 
ment cells  are  usually  well  developed  here,  as  are  also  many  nerve-tibrea 
radiating  toward  the  pupil  Surrounding  the  pupil  is  a  layer  of  circu- 
lar unstriped  muscle,  the  sp?iincier  pupin(B.  In  some  animals  there  are 
also  nnisele-fibrea  which  radiate  from  the  sphincter  in  the  substance  of 
the  iris  forming  the  dilaior  pupUke,  The  iris  is  covered  anteriorly  by 
a  layer  of  endothelium  continued  upon  it  from  the  posterior  surface  of 
the  cornea;  posteriorly  there  is  a  very  fine  layer  which  is  a  continuation 
of  the  membrana  It  mi  tans  interna  of  the  retina. 

The  Lens, — The  lens  is  situated  behind  the  iris,  being  inclosed  in  a 
distinct  capsule,  the  posterior  surface  of  which  is  less  thick  than  the 
anterior.  It  is  supported  in  place  by  the  suspensory  ligament,  fused 
to  the  anterior  surface  of  the  capsule.  The  suspensory  ligament  is 
derived  from  the  hyaloid  membrane,  which  incloses  the  vitreous  humor. 

Structure. — The  lens  is  made  up  of  a  series  of  concentric  laminae 
(fig.  414),  which  wOien  it  has  been  hardened,  can  be  peeled  ofl  like  the 


Fig,  41S,  Fig.  A\A. 

Fig^.  413.  -  CUIary  prt>ccs8<»a.  as  »e*»ii  from  behlod.  1,  post4?rior  »urfae<J  of  the  Iris,  with  Ui« 
Bfihlrifter  muscle  flf  the  pupil :  **».  HntiTior  purt  of  the  choroid  coat;  3,  ooe  of  the  cUhiry  proceaaea, 
of  which  about  fievpntv  ar*"  rejiresentetJ.     ^.  ,,  *       ».     j 

Fi|?.  414,— Lam  i  Oft  ted  structure  of  the  cryRtalline  lens.  The  lamittflB  are  split  uw  after  nard' 
eiiitiK  la  alcohoL  1,  the  detjuer  ctmtral  part  or  nmileua;  a»  the  aucoesalTe  external  layeni.  X  4, 
CAi-Dold.) 

leaves  of  an  onion.     The  laminae  consist  of  long  ribbon-shaped  fibres, 
which  in  the  course  of  development  have  originated  from  cells. 


<^M  WJLlTDmMK  OV   PSTSCOLO^T. 


Th«  letM  itaeif  is  aude  op  of  trmmipanmt  loogitadiiuJ  fibres,  bene- 
ooai  and  prifflnatic.  chickened  {MMCerioriT.  Thoee  fibres  st  the  cortex 
have  nnciei  ami  are  sniMtkr  those  near  the  centre  are  withoat  nuclei 
siul  have  .^ematfed  edges.  The  fibres  are  united  together  bj  a  acantj 
anuvont  of  cement  Aibittance. 

The  arrangement  is  rach  that  no  fibres  mn  the  whole  half  of  the 
lenA,  from  front  to  biM^k,  flince^  if  a  fibre  starts  near  the  anterior  pole, 
iu  other  end  is  far  from  the  posterior  pole  (fig.  415.) 

The  epitheliam  of  the  lens  conssta  of  a  iajer  of  cubical  ceils  anteriorij, 
which  mergeit  at  the  eqnator  into  the  lens  fibres.  The  derdopmeDt  of 
the  lena  explains  this  transition.  The  lens  at  first  consists  of  a  closed 
sac  compose^i  of  a  §in^  lajer  of  epithelinm.  The  ceDs  of  the  posterior 
pstrt  soon  elongate  forward  and  obtiterate  the  caTi^,  the  anterior  cells  do 


leas;  ^  trsaiitioaofCtiKepicheiiH&niotfaeSbrBs;  4.  leHSbrea.     CBabochia> 

not  grow,  bat  at  the  edge  thej  become  continnoos  with  the  posterior 
cells,  which  are  gradnallj  dereloped  into  fibres.  The  lens  contains 
globolin  or  crystallin,  bat  no  natire-albamin ;  it  also  contains  choles* 
terin.  The  capeale  is  a  homogeneoas  transparent  elastic  membrane. 
The  hardest  portion  of  the  lens  is  that  which  is  most  internal.  It  forms 
the  so-called  nucleus  of  the  lens  (fig.  414,  1). 

Cfrrneo-fideral  junction. — At  this  janction  the  relation  of  parts  (fig. 
412)  is  so  important  as  to  need  a  short  description.  In  the  neighbor- 
howl,  the  iris  and  ciliary  processes  join  with  the  cornea.  The  proper 
sii Instance  of  the  cornea  and  the  posterior  elastic  lamina  become  continuous 
with  the  iris,  at  thtt  angle  of  the  xriH^  and  the  iris  sends  forward  processes 
toward  the  pfwterior  elastic  lamina,  forming  the  Ugamentum  peciinatum 
iridin^  and  these  join  with  fibres  of  the  elastic  lamina.  The  endothelial 
covering  of  the  posterior  surface  of  the  cornea  is,  as  we  have  seen,  con- 
tinuous over  the  front  of  the  iris.  At  the  iridic  angle,  the  compact 
inner  flubstance  of  the  cornea  U  looser,  and  between  the  bundles  are 
lymph  spaces  filled  with  fluid,  called  the  spaces  of  Fontana.  They  are 
little  developed  in  the  human  cornea.  Where  the  cornea  and  sclerotic 
join,  there  is  an  intermediate  part  which  resembles  both,  but  which  is 
■till  not  transparent,  as  the  internal  part  remains  scleral  in  structure, 
paces  which  are  present  in  the  broken  up  bundles  of  corneal 
Jhe  angle  of  the  iris,  are  continuous  with  the  larger  lymphatic 


space  of  the  anterior  chamber.  AlK)ve  the  angle  at  the  corneo-scleral 
junction  is  a  canal,  which  h  called  the  canal  of  Schlefnm,  It  is  a  lym- 
phatic channel,  but  appciirs  to  Ix'  in  communication  with  blood-vessels, 
as  it  may  be  under  ccrtiim  circumstances  tilled  with  blood. 

Structure  of  the  Rdma. — The  retiua  {fig.  41*5)  is  a  delicate  membrane, 
concave  with  the  concavity  directed  forward  and  apparently  ending  in 
front,  near  the  outer  part  of  the  ciliary  processes,  in  a  finely  notched 
edge, — the  ova  serrata^  but  really  represented  to  the  very  margin  of  the 
pnpiL  Semi  transparent  when  fresh,  it  soon  becomes  clouded  and  opaque, 
witb  a  pinkish  tint  from  the  blood  in  its  minute  vessels.  It  results  from 
the  sudden  spreading  out  or  expansion  of  tlie  optic  nerve,  of  whose  ter- 
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Fij^.  410.— A  fwctlon  of  the  retJniL,  choroid,  and  part  of  tli«*  sclerotic.  mndenU^ly  mAj^nlfled. 
Meiabraim  ihiiitaiis  itJl^rna;  b.  Df»nrt"-flbir  layer  trav<^r»eU  hy  >Hlll«*r>  KUf^leulJicular  flibresi 
4  (rat'ffh'^T'-t'ell  iuyt»r:  d^  uiolet'tjlur  laveri  i\  internal  nuclear  layer;  /.  Inlertiuelear  Inyer;  g,  eat- 
WnnI  nycl*»ar  lnv^r:  h,  luembrana  limitan*  enema,  rtmniaj^alottK  tti»»  lowi*r  part  of  i.  the  fnyvr 
of  nxlfi  anil  corn's-,  k.  pi^iiienr  ofll  lii.v*»r;  Itn,  In i^Ttin I  And  external  Tascylai:  p*irti*m«  of  thi*  chor- 
oid, tht'  flrst  c<:tutainiag  capilLarles,  the  aeoond  larger  blorxl-veaaela,  cut  In  tranaveree  «4Bcrioii;  «» 
ecleroOc.    (W,  Py«i> 


minal  fibres,  apparently  deprived  of  their  external  white  mihetanc«,  to- 
gether with  nerve  cells,  it  is  essentially  composed. 

Exactly  in  the  centre  of  the  retina  is  a  round  yellowish  elevated  spot, 
about  ^  of  an  inch  (I  mm.)  in  diameter,  having  a  minute  depression  in 
the  centre,  called  after  its  discoverer  the  macula  lutea,  or  ifelimf^  spot  of 
Smmmering.  The  minute  depression  iu  its  centre  is  called  the  Jovm 
ceniralk.     About  ^  of  an  inch  (2.5  mm.)  to  the  inner  side  of  the  yel- 
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low  spot,  is  the  point  at  which  the  optic  neri^e  enters  the  eyeball,  aod 
begins  to  spread  oat  its  fibres  into  the  retina. 

The  optic  nerve  passes  forward  from  the  central  surface  of  the  cere- 
brum toward  the  orbit  inclosed  in  prolongations  of  the  membranes,  the 
dura  mater,  arachnoid  and  pia  mater,  which  cover  the  brain.  The  ex- 
ternal sheath  at  the  entrance  of  the  nerve  into  the  eyeball  becomes  con- 
tinuous with  the  sclerotic,  which  at  this  part  is  perforated  bj  holes  to 
allow  of  passage  of  the  optic  nerve-fibres  and  the  pia  uiater  with  the 
choroid,  the  perforated  part  being  the  lamina  cribrosa.  The  pia  mater 
here  becomes  incomplete,  and  the  subarachnoid  and  the  superarap bnoid 
spaces  become  continuous.  The  pia  mater  sends  in  processes  into  the 
nerve  to  support  the  fibres.  The  fibres  of  the  nerve  themselves  are  ex- 
ceedingly fine,  and  are  surrounded  by  the  myelin  sheath,  but  do  qui 
possess  the  ordinary  external  nerve-sheath.  As  they  pass  into  the  retina 
they  lose  their  myelin  sheaths  and  proceed  as  axis-cylinders.  ^Neuroglia 
supports  the  nerve-fibres  in  the  optic  nerve-trunk.  In  the  centre  of  the 
nerve  is  a  small  artery,  the  arteria  centralis  reiinm.  The  number  of 
fibres  in  the  optic  nerve  is  said  to  be  upward  of  500,000.  The  axig- 
cylinders  pass  on  to  the  retina,  turning  over  the  edges  of  the  porus 
opticus^  to  be  distributed  on  the  inner  surface  of  the  retina,  as  far  as  the 
era  serrata,  as  a  layer  of  optic  nerve-fibres,  and  separated  from  tlie 
hyaloid  membrane  which  contains  the  vitreous  humor  to  be  presently 
described,  by  a  very  thin  layer,  the  membrana  limitans  interna. 

The  retina  consists  of  certain  nervous  elements  arranged  in  several 
layers  and  supported  by  a  very  delicate  connective  tissue. 

The  researches  of  Cajal  upon  the  structure  of  the  retina  of  verte- 
brates has  shown  that  this  membrane  is  a  much  simpler  structure  than 
has  heretofore  been  described.  Cajal's  observations  being  confirmed  bj 
other  observers  and  accepted  by  neuro-anatomists,  it  will  be  safe  to  give 
the  descriptions  here,  as  representing  our  present  knowledge  of  the 
structure  of  this  membrane. 

The  retina  is  a  nervous  tissue  formed  essentially  of  three  layers  of 
nerve-cells.  From  without  inward  they  are:  the  layer  of  visual  cells,  the 
layer  of  bipolar  cells,  and  the  layer  of  ganglionic  cells.  This  snbdivisioD 
is  shown  in  the  diagram  (fig.  417).  These  different  layers  may  be  sub- 
divided so  as  to  give  the  following  layers  from  without  inward : 

1.  The  layer  of  rods  and  cones.  )  tti^^^.  „  xv^  i«„«,  r.#  «s«,^.i  ^n- 

2.  The  external  granular  layer.  \  Forming  the  layer  of  visual  cells. 

3.  The  external  molecular  layer.  )  t?^,.^,.  „  xu^  i„«.«,  ^*  K«r.«i«.  ^-.ii- 

4.  Internal  granular  layer.  \  Conning  the  layer  of  bipolar  cells. 

5.  Internal  molecular  layer.  )  Forming  the  layer  of 

6.  Ganglionic  layer,  with  the  fibres  of  the  optic  nerve.  )      ganglion  cells. 

The  layer  of  visual  cells  is  subdivided,  as  seen  in  the  figure,  into  that 
of  the  rods  and  cones  externally  and  that  of  the  external  granular  inter- 
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nally.  This  is,  however,  practically  a  layer  made  up  simply  of  bipolar 
nerve-cells  with  prolongatioDS  more  or  less  long  which  run  to  the  ex- 
ternal surface  of  the  retina  and  there  form  a  series  of  bodies  known  as 
the  rods  and  cones. 

1.  Ttie  rods  and  cones  Bxe  really  a  kind  of  secretion  from  the  pro- 
toplasm of  the  bipolar  cell  beneath,  and  are  not  distinct  nerve-cells. 
They  consist  of  bodies  more  or  less  alike,  which  extend  up  through  the 
external  limiting  membrane  from  the  cells  beneath. 


Fig.  417.— TraDSTerxe  section  of  a  mammalian  retina.  A^  Layer  of  rods  and  oones:  B.  bodies 
of  Tisual  cells  (external  ^ri-anular);  C,  external  molecular  layer;  E.  layer  of  bipolar  cells  (internal 
granular);  F^  internal  molecular  layer;  O^  layer  of  ganglionic  cells:  H^  layer  of  optic-nerre  fibres; 
a,  rod;  b.  cone;  c,  body  of  the  cone  cell:  d,  body  of  *ttie  rod  cell;  e,  bipolar  rod  cells;  /,  bipolar  cone 
cells;  y,  a,  i.  j,  Ic,  ganglionic  cells  ramifying  in  the  various  strata  of  the  internal  molecular  zone; 
r,  inferior  arborization  of  the  bipolar  rod  cells,  connecting  with  the  ganglionic  cells;  r,.  inferior  ar-  ' 
borization  of  the  bipolar  cone  cells;  t.  epithelial  or  Mflller  cells;  or.  point  of  contact  between  the 
rods  and  their  bipolar  cells;  «,  point  of  contact  between  the  cones  and  their  bipolar  cells;  «,  centri- 
fugal uerre-fibre.    (O^.) 


The  Rods. — Each  rod  (fig.  417,  a)  is  made  up  of  two  parts,  very  differ- 
ent in  structure,  called  the  outer  and  inner  limbs.  The  outer  limb  of  the 
rods  is  about  30ai  -^^  inch  long  and  2/i  broad,  is  transparent,  and  doubly 
refractive.  It  is  said  to  be  made  up  of  fine  superimposed  discs.  It  re- 
sembles in  some  ways  the  myelin  sheath  of  a  medullated  nerve.  It 
swells  up  on  exposure  to  light,  and  is  part  of  the  layer  in  which  the 
pigment  called  visual  purple  is  found.  The  inner  limb  is  about  as 
long  but  slightly  broader  than  the  outer,  is  longitudinally  striated  at 
its  outer  and  granular  at  its  inner  part.  Each  rod  is  connected  by 
a  fine  hair-like  process  to  a  nerve-cell  in  the  external  granular  layer  be- 
low (figs.  417,  d\  417a,  2). 

The  Cones, — Each  cone  (fig.  417,  c),  like  the  rodd,  is  made  up  of  two 
limbs,  outer  and  inner.  The  outer  limb  is  tapering  and  not  cylindrical 
like  the  corresponding  part  of  the  rod,  and  about  one-third  only  of  its 


♦*,  iiietfibrana  liiiiiUiJwextt'rim;  f/r,  ♦;'Xl<*riial  ^  .     ,  , 

j^ratiular  layer:  j\  lDt«riml  in«»locTilar  Inyw;  mz,  maltiiTolar  cell  layer  Cj^n^iou  opticij;  nf.\ 

fibrt?  layer;  /*\  membraiin  llniUnn^  iiitt'ma, 

U  Rofl;  a,  rocJ  granule;  3,  rone:  "I,  eon©  granule;  ]-t^  rod  vtmial  cell;  8-3',  cone  visual  oell:  6^ 
i^nlnil  terminatfou  of  the  vIkuiiI  cells  aotl  jfieripheral  temiiiiaJ  arboHi^tion  of  tlie  btpi>Ur  cwlr, 
*1»  ti,  1  wo  bipolaj-  cells  far  roflK;  G,  one  bif«nlar  fell  for  eone;  7^  7,  7»  7.  7,  7,  the  central  pTXxaBnjDt 
b(i>i«lftr  c^Um  with  the  terminiil  iirlxirizatioiiH  situated  in  the  various  layem  nf  the  luternai  mold 
layer;  7',  ceatrrti process  of  a  bifwlar  cell  for  coue;  8»  multi|M)lar  cells  with  their  peripliend 
drites  aud  centra]  ueuraxons;  9, 9,  &,  nerve-fibres  aod  terminal  arboriiEatfona  of  remote  celte. 

largely  in  nnniber,  wliereaa  in  iriaii  the  rods  are  by  far  the  more  Dnmer- ! 
oiia,  except  in  the  fovea  central iSj  where  cones  only  are  present,  as  is  the  j 
case  at  the  anterior  part  of  the  retina  near  the  ora  eerrata.  The  num- 
ber of  cones  bas  been  estimated  at  3,OCHJ,000.  In  noctnriial  birds,  how- 
ever, such  as  the  owl,  only  rods  are  present,  and  the  same  appears  to  be 
the  case  in  many  nocturnal  and  burrowing  nianinialia,  e.ff.,  bat,  hedge- 
hog, mouse,  and  mole.     The  rods  are  absent  in  reptiles. 

Exiernal  Limiting  Mernhram,—X  delicate  membrane  lies  beneath 
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the  roda  and  cones  and  separatesi  tlieni  from  the  layer  beneath.  This 
is  callod  the  exiernul  limiiing  memdntue  (fig.  417a,  /^')- 

2.  External  Oranukir  Layer, — Tho  cells  of  tho  external  granular 
aver  are  tho  bipolar  or  vi»iud  cella  which  coDtain  the  protoplasm  not  yet 
transformed  into  roda  and  cones  in  tlie  layer  above*  The  cells  wljoee 
bodies  are  continned  upward  as  cones  are  different  in  shape  from  those 
which  are  connected  with  tliB  rods.  Tlie  cells  of  tho  cones  are  situ- 
ated  close  to  tho  extermil  limiting  membrane,  Tliey  have  a  hirge  ovoid 
nuiideus.  From  the  inner  side  of  tlio  cell-hody  a  process  descends 
toward  the  external  molecolar  layer  where  it  ends  in  a  alight  dilatation 
(see  fig.  417).  On  its  outer  side  a  process  of  tlie  body  ascends  throngh 
into  the  external  limiting  membrane  and  swells  into  a  cone  (tig.  417,  c). 

Tho  bipolar  colls  giving  birth  to  the  rods  Ho  at  deeper  levels  in  the 


c^. 


Fig.  418.— The  post^rfor  half  of  the  retina  of  the  left  ej-e,  vfewed  from  before:  jr,  tbe  cut 
edg*?  of  the  sclerotic  coat :  ch.  the  choroid;  r,  th**  rvtliiii;  in  the  fiit<?rior  lit  tbt^  middle  the 
mibcula  lut«-a  with  the  depreasion  of  the  fovea  centralis  \»  reprt.*»eDte(l  by  a  fiU^ht  ovaX  sliadc ; 
Ujwnrd  the  left  side  tlie  ll^ht  «pot  Incllc&tes  the  eoUicuLujt  or  eminence  at  tht*  entriwioe  of  the 
optic  nerve,  from  tlie  oeotre  of  which  the  arterfa  centralis  i«  w?t»n  itpr^adlng  its  hranchea  Into 
"  le  retiaa^  leaving  the  port  ooeupted  by  the  nmcula  comparatively  free.    ('After  Henle,) 
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graiitilar  layer.  They  contain  an  ovoid  nnclens  of  a  smaller  volnme  than 
those  of  the  cone  cells.  The  protoplaarn  of  the  cell-body  gives  oil  two 
fibres,  one  ascending,  and  thti  otber  descending-  The  ascending  fibre 
runs  np  through  the  limiting  membrane  and  is  continued  as  a  rod.  The 
descending  fibre  goes  into  tlie  iiiolecnlar  layer  and  ends  here  in  a  small 
nodule.  According  to  Cajal,  these  cells  of  the  visual  layer  liavo  no  di- 
rect anatomical  continuity  ^vith  the  cells  of  tlie  bipolar  layer  below, 
though  Dogiel  and  othera  have  denied  this. 

3.  The  exienml  7noiec7ihr  lai/erov  external  plexiform  layer  (tig»  417,  C) 
ia  composed  of  numerous  protoplasmic  processes  (dendrites)  wbich  come 
from  tlie  cells  of  the  internal  granular  layer  below  and  from  tho  visual 
cells  above.  Some  sulxli visions  of  this  layer  are  made,  there  being  an 
outer  part  iu  which  the  rod  cells  meet  the  branching  fibres  of  the  hi- 
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polar  layer,  nnd  a  slightly  deeper  layer  in  which  the  cone  ccUt  come 
in  contact  with  the  dendrites  of  the  bipolar  cells. 

4.  The  iHternal granular  latter  {fig,  417,  E)  ia  an  iuner  sabdiTigionofi 
layer  of  bipolar  cells,  and  is  the  most  complicated  of  any  of  tbo  layers  of  th€ 
retina.  It  ia  made  up,  however,  mainly  of  bipolar  cells,  whi<-'h  are  fuii- 
form  in  shape,  vertical  in  arrangement,  and  have  two  processes,  one  as- 
cending and  tho  other  descending.  The  descending  fibre  is  always  single 
and  ends  at  diffcrenfe  levels  in  the  internal  molecular  or  plexiform  layer, 
where  it  forms  flattened  and  brush-like  expansions.  The  ascending 
process  is  often  muidple,  and  it  ends  in  a  large  unmber  of  differcat 
branches,  which  arrange  themselves  in  something  like  a  horizontal  layer 
in  the  lower  part  of  the  external  molecular  layer. 


Fig.  4IHA.^Peri)eQrliciilAr  «ecti«iii  of  ihd  r^tln&  of  a  mamnml  A,  Extf'TtiaJ  RTmlssor  bodiaioC 
TOtla;  li,  iMitllwj  ofcontft;  *i,  horiKODtal  fxt<*rrjal  or  sniflU  cell;  b,  horizontal  fotfrnal  or  laj^e  cffi; 
c,  JMriKontAl  int4:>miil  cell  with  dt^cviidlnji;  proidplnsinic  a|>|>e>ada^ri5«;  <?,  fiatleuwJ  «.rbortoitioo<ifi>Be 
of  I  Im  lar^e  r«*llf(:  /.  lor,  h,  j.  h  Hpofif^ioblastH  rnitiif yini;  in  tln^  varioiiiiAtrata  uf  the  inlcmal  iiioleeiilir 
xone;  m,  n,  diffusa  spouKtobl&Kts;  o«  ganglionic  cvM;  1,  ext«mal  molecular  sone;  2,  internal mole^ 
cular  sone.    CCaJal .  > 


Besides  these  vertical  bipolar  cells  there  are  flattened  star-shaped 
cells  lying  juet  beneath  the  external  molecular  layer,  sending  oat  branches 
parallel  to  the  periphery  and  ending  in  numerous  ramifying  expaneioDS 
which  come  in  contact  with  the  diiTerent  descending  branches  of  the 
cone  cells.  Their  general  arrangement  ia  horizontaL  These  little  cells 
appi^ar  to  have  as  their  function  the  connecting  of  the  visual  cells  with 
each  other  (tig.  418a,  r,  b).  There  are  other  horizontal  cells,  larger  than 
these,  hilt  having  practically  the  same  shape  and  arrangement,  and  lying 
somewhat  more  deeply  in  the  layer;  these  connect  the  processes  of  the  rod 
cells  with  each  other  and  have  thus  an  associative  function.  There  is,  in 
addition,  in  this  luyer^  a  series  of  larger  cells,  called  by  Cajal  Hpongiohh^U^ 
which  lie  deep  in  the  internal  granular  layer,  and  whose  branches  take 
a  horizontal  direction  and  appear  to  have  the  function  of  associating  the 
cells  of  the  ganglionic  layer  below  (see  fig.  418a). 

5,   Tlie.  internal  molecular   latfer  is  composed  of  a  plexus  of  fibra 
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formed  by  the  processes  of  the  bipolar  cells  from  aboTO  aud  of  the  gan- 
glionic cells  below,  and  of  fibres  froni  the  Bpongioblasts, 

6.  The  most  iuternal  of  the  nervous  layers  is  a  layer  of  gaDglionic 
cells,  coTisistiiig  of  large  multipolar  nerve-cells,  with  large  rouod  nuclei. 

•  In  aonie  parts  of  the  retina,  especially  near  the  macula  lutea,  this  layer 
is  very  thick  and  consists  of  several  distinct  strata  of  nerve-cells.  These 
cells  lie  in  the  spaces  of  the  connective-tissue  framework.  They  are  ar- 
ranged with  their  single  neuraxon  or  axis-cylinder  processes  directed  in- 
^kward.  These  pass  into  and  are  continuous  with  the  layer  of  optic  fibres. 
^^Externally  the  cells  send  up  numerous  branching  processes  or  dendrites 
which  interlace  with  the  fibres  of  the  bipolar  cells  and  the  horizontal 
processes  of  the  spongioblasts. 

All  the  elements  of  the  retina  are  sustained  and  isolated  by  large 
cells  lying  vertically  which  are  known  as  the  fibres  of  MuUef%  or  epi- 
theliai  retinal  cells.  Like  the  corresponding  cells  of  the  olfactory 
mucous  membrane^  these  fibres  have  upon  their  sides  an  infinite  number 
of  facets  which  serve  as  receptacles  to  the  nerve-corpuscles  and  fibres 
of  the  retina.  The  nucleus  of  tlie  fibre  of  Miiller  is  found  at  the 
level  of  the  internal  granular  layer,  and  the  two  extrpmitics  of  the  proto- 
plasm or  cell-body  are  condensed  in  two  homogeneous  layers,  known  as 
the  external  and  iniernal  Umiling  layer.  The  external  limiting  layer  is 
placed,  as  already  described,  just  between  the  layer  of  rods  and  cones 
and  that  of  the  visual  cells.  The  other  is  situated  upon  the  internal 
surface  of  the  retina.  The  fibres  of  M Ciller  are  ccmipletely  independent 
of  each  other,  having  between  themselves  and  the  nerve  elements  only 
the  relation  of  contact.  It  is  believed  that  their  function  is  that  of 
supporting  the  nerve-tissues  and  also  isolating  them. 

It  will  be  seen  now  that  the  retina  is  composed  essentially  of  three 
layers  of  vertical  cells,  whose  processes  have  a  vertical  direction,  and 
which  are  connected  with  each  other  hy  contact  of  these  processes;  that 
there  are  also  two  other  sets  of  cells  which  form  horizontal  layers  of 
nerve-processes,  these  being  in  tlie  inner  and  outer  parts  of  the  internal 
granular  layer.  There  are,  therefore,  strictly  speaking,  five  layers  of 
nerve-cells,  three  vertical  and  two  horizontal.  Two  other  layers  are 
made  up  by  the  modification  of  the  protoplasm  of  the  fibres  of  Miiller 
and  are  purely  mechanical  in  function.  Tlrcy  are  the  external  and  iu- 
ternal limiting  layers, 

Fifjmeni'CeU  lat/er^  which  was  formerly  considered  part  of  the  choroid, 
consists  of  cells  which  cover  and  entirely  surround  the  outer  limbs  of  the 
rods  and  cones. 

The  further  subdivisions  of  the  retina  are  more  for  purposes  of  fine 
anatomy  than  of  functional  importance. 
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almost  disappear,  except  the  rod  and  cone  layer,  which  considerably  in- 
creases in  thickness  but  at  the  forea  centralis  comes  to  consist  almost 
entirely  of  long  slender  cones  and  cone-fibres,  which  curve  toward  the 
periphery.  They  are  supported  by  neuroglia,  which  is  also  found  inter- 
nally as  a  thin  layer,  the  rods  being  absent.  There  are  capillaries  here, 
but  none  of  the  larger  branches  of  the  retinal  arteries. 

Toward  the  edge  of  the  macula  lutea,  not  only  are  all  the  layers 
present,  but  the  ganglionic  layer  consists  of  many  strata  of  cells  (7  or  8), 
and  with  this  increase  there  is  also  an  increase  in  the  thickness  of  the 
inner  granular  layer.  The  cells  are  generally  bipolar.  Toward  the 
centre  the  layers  diminish  in  this  order:  optic  nerve-fibres,  ganglionic 
layer,  inner  molecular  layer,  and  inner  granular  layer.  The  rods  grow 
scanty  and  then  are  absent. 

At  the  ora  serrata  the  layers  are  not  perfect  and  disappear  in  this 
order:  nerve-fibres  and  ganglion  cells,  then  the  rods,  leaving  only  the 
inner  limbs  of  the  cones,  these  cease,  then  the  inner  molecular  layer. 
The  Mullerian  fibres  persist. 

At  the  pars-ciliaris  retinae,  the  retina  is  represented  by  a  layer  of 
columnar  cells,  derived  from  the  fusion  of  the  nuclear  layers.  The  cells 
are  covered  by  the  membrana  limitans  interna,  and  externally  are  in 
contact  with  the  pigment  layers  of  the  retina,  which  is  continued  over 
the  ciliary  processes. 

The  chambers  of  the  eye. — The  anterior  chamber  is  the  space  behind 
the  cornea  and  in  front  of  the  lens.  It  is  filled  with  aqueous  humor, 
which  is  essentially  a  diluted  lymph  with  a  small  amount  of  proteid  in 
it,  viz.,  of  fibrinogen,  serum-globulin,  and  septum-albumin.  It  is  seldom 
spontaneously  coagulable.  It  contains  salts,  chiefly  sodium  chloride, 
sometimes  a  substance  which  reduces  copper  sulphate,  but  is  not  sugar, 
and  a  trace  of  urea  and  sarcolactic  acid.  There  are  no  formed  elements 
in  the  fluid.  It  is  stated  that  the  aqueous  humor  is  secreted  by  glands 
in  the  ciliary  region,  but  the  cavity  is  itself  obviously  a  lymph  sac. 

The  posterior  chamber,  or  that  behind  the  lens,  contains  the  vitreous 
humor ^  which  is  a  semifluid  substance  contained  in  the  meshes  of  an 
indistinct  connective  tissue.  It  is  inclosed  in  a  distinct  membrane 
called  membrann  hyaloidea^  from  the  anterior  surface  of  this  membrane 
at  the  ora  serrata  fibres  pass  off  to  the  back  of  the  lens  capsule,  forming 
an  incomplete  canal,  called  the  Canal  of  Petity  the  membrane  itself  being 
the  Zonule  of  Zinn.  The  hyaloid  membrane  separates  the  vitreous  from 
the  retina. 

Blood-vessels  of  the  Eyeball. — The  eye  is  very  richly  supplied 
with  blood-vessels.  In  addition  to  the  conjunctival  vessels  which  are 
derived  from  the  palpebral  and  lachrymal  arteries,  there  are  at  least  two 
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other  distinct  sets  of  vessels  supplying  the  tunics  of  the  eyebalL  (1)  The 
vessels  of  the  sclerotic^  choroid,  and  iris,  and  (2)  the  vessels  of  the  retina. 
{ L )  Those  are  the  short  and  long  pmkrior  ciliary  arteries  wh ich  pierc^e 
the  sclerotic  in  the  posterior  half  of  the  eyeball,  and  the  anterior  ciliary 
which  enter  near  the  insertions  of  the  recti.  These  vessels  anastomose 
and  form  a  very  rich  choroidal  plexus;  they  also  supply  the  iris  and 


Ffg.  410.— Section  t|irt>iij!fh  the  macule  Ititea  And  fovea  central ifi  of  humAn  rutlna.  n,  fortit;  h^ 
deeoeni  of  the  macula  towahi  fovea.     Thi^  oumbers  Indlcatp  Lhe  layers  of  the  rc^timL.    (KuhniJ 

ciliary  processes,  forming  a  very  highly  vascular  circle  round  the  outer 
margin  of  the  iris  and  adjoining  portion  of  the  sclerotic. 

The  distinctness  of  these  vessels  from  those  of  the  conjunctiva  is 
well  seen  in  the  difference  between  the  bright  red  of  blood -shot  eyes 
(conjunctival  congestion),  and  the  pink  zone  surrounding  the  cornea 
which  indicates  deep  seated  ciliary  congestion. 

(2.)  The  retinal  veaseh  {^g.  418)  are  derived  from  the  arteria  cen- 
trails  retinm^  which  enters  the  eyeball  along  the  centre  of  the  optic 
nerve.  They  ramify  all  over  the  retina,  chiefly  in  its  inner  layers. 
Tbey  can  be  seen  by  direct  ophthalmoscopic  examination. 

The  Optical  Apparatus. 

The  optical  apparatus  may  be  supposed,  for  the  sake  of  description, 
to  consist  of  several  parts.  First h/^  of  a  system  of  transparent  refract- 
ing snrfaees  and  media  by  means  of  which  images  of  external  objects  are 
brought  to  a  focus  upon  the  back  of  the  eye;  and  secoudhfy  of  a  sensitive 
screen,  the  retina,  which  is  a  specialized  termination  of  the  optic  nerve, 
capable  of  being  stimulated  by  luminous  objects,  and  of  sending  through 
the  optic  nerve,  such  an  impression  as  to  produce  in  the  brain  visual 
sensations.  To  these  main  parts  may  be  added,  ihinJli/,  an  apparatus 
for  focussing  objects  at  different  distances  from  the  eye,  called  (trrommo- 
daiion.  Even  this  does  not  complete  the  description  of  the  whole  organ 
of  vision,  since  both  eyes  are  usually  employed  in  vision,  &m\  fonrthhf^ 
an  arrangement  exists  by  means  of  which  the  eyes  may  be  turned  in 
the  same  direction  by  a  system  of  muscles,  so  that  binocular  vision  la 
le. 
45 
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The  arrangement  of  the  optic  nerve-fibres,  and  of  the  c<>ntinujitioii 
of  these  backward  in  the  optic  chiasnm,  and  thence  to  special  dUtrietiol 
the  brain,  have  jilready  been  discussed. 

The  eye  may  be  compared  to  a  photographic  catnera^  and  the  tnuu- 
parent  media  corre8j>onds  to  the  photographic  lens.  In  such  a  eamprt 
images  of  external  objectg  are  thrown  upon  a  ground-glafls  ecreen  at  the 
back  of  a  box,  tho  interior  of  which  is  painted  black.  In  the  eje,  tht 
camera  proper  is  represented  by  the  eyeball  with  its  choroidal  pigment^ 
the  screen  by  the  retina,  and  the  lens  by  the  refracting  media.  In  the 
case  of  the  camera,  the  8cre€n  is  enabled  to  receive  clear  images  of  objects 
at  different  distances,  by  an  apparatus  for  focussing.  The  corresponding  « 
eoutrivanco  in  the  eye  is  the  accommodation.  1 

The  iris,  which  is  capable  of  allowing  more  or  less  light  to  pias  into 
the  eye,  corresponds  with  the  different  sized  diaphragms  used  in  the 
pr o tograp h  i  c  a  j ijia  rti t w  s . 

Refrariire  media  and  mtrface^. — At  first  sight  it  wonld  seem  as  if  the 
refraetiug  apparatus  of  the  eye  were  very  complic^ited,  seeing  that  it 
consists  of  so  many  parts.  These  parts  are :  the  anterior  surface  of  the 
cornea  itaelf,  the  posterior  surface  of  the  cornea,  the  aqneous  humor, 
the  anterior  surface  of  the  lens,  the  substance  of  the  lens  it^^elf  (which  is^ 
also  unequally  refractive),  the  posterior  surface  of  the  lens,  and  the  fit-  ■ 
reous  humor.  Thus  there  are  four  surfaces,  and  at  least  including  the 
air,  five  media.  For  all  practical  purposes,  however,  these  may  be  re- 
solved into  a  somewhat  simpler  form,  and  the  cornea  may  be  considered 
as  one  surface,  the  anterior,  and  one  medium;  the  aqueous  and  vitreouj 
humors  as  one  medium;  the  lens,  as  two  surfaces  and  one  medium.  It 
will  be  i*s  well  to  consider  the  laws  which  govern  the  refraction  of  light 
under  such  circumstances. 

In  its  simplest  form,  we  may  consider  the  refraction  tlirough  a  simple 
transparent  spherical  surface,  separating  two  media  of  different  density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpendicukrly 
do  not  suffer  rofraction,  but  paiss  through,  cutting  the  optic  axis  (OA, 
fig.  420),  a  line  wliich  parses  exactly  through  the  centre  of  tlie  surface, 
at  a  certain  point,  the  nodal  point  (fig.  420,  N),  or  centre  of  curvature. 
Any  rays  which  tlo  not  so  strike  the  curved  surface  are  refracted  toward 
the  optical  axis.  Kays  which  impinge  upon  the  sijheric^d  surface  paral- 
lel to  the  optical  axis,  will  meet  at  a  point  behind,  upon  the  said  axis 
which  is  called  the  ch  iff  poster  for  form  (fig.  4*30,  F  J ;  and  again  there 
is  a  point  in  the  optical  axis  in  front  of  the  surface,  rays  of  light  from 
which  80  strike  the  surface  that  they  are  refracted  in  a  line  parallel  with 
the  axis  df;  such  a  point  (fig.  420,  PJ  is  called  the  chief  anterior 
'octis.  The  optic  axis  cuts  tho  surface  at  what  is  called  the  principal 
itU, 
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It  is  quite  obvious  that  the  eye,  even  in  the  simplified  form  above 
indicated,  is  a  much  more  complicated  optical  apparatus  than  the  one 
described  in  the  figure.     It  is,  however,  possible  to  reduce  the  refractive 


Tig.  490.— Diagram  of  a  simple  optical  mtfem  (after  M.  Foster).  The  curved  surface,  b,  d, 
is  safmoeed  to  separate  a  less  rraractWe  medium  toward  the  left  from  a  more  refractive  medium 
toward  the  right. 

surfaces  and  media  to  a  simpler  form  when  the  refractive  indices  of  the 
different  media  and  the  curvature  of  each  surface  are  known.  All  of 
these  data  have  been  very  carefully  collected.     They  are  as  follows: — 

Index  of  refraction  of  aqueous  and  vitreous  =  1.3865 

lens       .  .  =  1.4371 

Radius  of  cunrature  of  cornea         .        .        .  =  7.829  mm. 

**  **  anterior  surface  of  lens  =  10  ** 

posterior  "  =  6  " 

Distance  from  anterior  surface  of  cornea  and 

anterior  surf  ace  of  lens  .  =  8.6       ** 

Distance  from  posterior  surface  of  cornea  and 

posterior  surface  of  lens  .  =  7.2       ** 

With  these  data,  it  has  been  found  comparatively  easy  to  reduce  by 
calculation  the  different  surfaces  of  different  curvatures,  into  one  mean 
curved  surface  of  known  curvature,  and  the  differently  refracting  media 
into  one  mean  medium  the  refractive  power  of  which  is  known. 

The  simplest  so-called  schematic  eye  formed  upon  this  principle, 
suggested  by  Listing  as  the  reduced  eye^  has  the  following  dimensions: — 

From  anterior  surface  of  cornea  to  the  princi- 
pal point         =  2.3448  mm. 

From  the  nodal  point  to  the  posterior  surface 

of  lens   • =  .4764  ** 

Posterior  chief  focus  lies  behind  cornea  .  =  22.8237  ** 

Anterior  chief  focus  in  front  of  cornea   .  =  12.8326  ** 

Radius  of  curvature  of  ideal  surface                .  =  5. 1248  ** 

In  this  reduced  or  simplified  eye  the  principal  posterior  focus,  about 
23  mm.  behind  the  spherical  surface,  would  correspond  to  the  position 
of  the  retina  behind  anterior  surface  of  cornea.  The  refracting  surface 
would  be  situated  about  midway  between  the  posterior  surface  of  the 
cornea  and  the  anterior  surface  of  the  lens. 

The  cptical  axis  of  the  eye  is  a  line  drawn  through  the  centres  of 
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curyature  of  the  cornea  and  lens,  prolonged  backward  to  touch  the  retina 
between  the  poms  opticus  and  fovea  centralis,  and  this  differs  from  the 
visual  axis  which  passes  through  the  nodal  point  of  the  reduced  eye  to 


Fig.  421.— Diagram  of  the  optical  angle. 

the  fovea  centralis;  this  forms  an  angle  of  5^  with  the  optical  axis. 
By  some  the  optical  axis  and  the  visual  axis  are  considered  to  be  iden- 
tical. The  visual  or  optical  angle  is  included  between  the  lines  drawn 
from  the  borders  of  any  object  to  the  nodal  point;  if  the  lines  be  pro- 


Fig.  421  ▲.—Diagram  of  the  method  of  the  formation  of  an  inverted  imace  exactly  fooand 
upon  ^e  retina.    The  dotted  line  is  the  ideal  surface  of  curranire. 

longed  backward  they  include  an  equal  angle.  It  has  been  shown  by 
Helmholtz  that  the  smallest  angular  distance  between  two  points  which 
can  be  appreciated  =  50  seconds,  the  size  of  the  retinal  image  being 
3,65/i;  this  practically  corresponds  to  the  diameter  of  the  cones  at  the 


Fig.  422.— Diagram  of  the  course  of  a  ray  of  light,  to  show  how  a  blurred  or  indistinct  tau«e 
is  formed  if  the  oblect  be  not  exactly  focussed  upon  retina.  The  surface  C  C  should  be  rap- 
posed  to  represent  the  ideal  curvature.  The  nodal  point  should  be  nearer  the  posterior  sorftoe 
of  lens  as  in  fig.  421  ▲. 

fovea  centralis  which  =  3ai,  the  distance  between  the  centres  of   two  ad- 
jacent cones  being  =  ifi. 

The  image  of  an  object^  then^  is  thus  formed  upon  the  retina.    An 


THE   SEKSES.  697 

object  may  be  considered  as  a  series  of  points,  from  each  of  which  a 
pencil  of  light  diverges  to  the  eye,  and  this  pencil  has  for  its  centre  or 
axis,  a  ray  which  impinging  upon  the  refractive  surface  perpendicularly 
to  the  surface  is  not  refracted,  but  passes  through  the  nodal  point,  and 
is  prolonged  backward  to  the  retina,  whereas  the  diverging  rays  are  also 
made  to  converge  to  a  principal  posterior  focus  behind  the  lens,  or  the 
chief  axis  of  the  pencil  of  light  proceeding  from  the  point  in-  question, 
and  this  focus,  if  the  image  is  to  be  clear,  should  fall  on  the  retina. 

Thus  from  each  point  of  an  object  a  corresponding  image  is  formed 
on  the  retina,  so  that  an  image  of  the  distal  object  is  produced.  It  is 
an  inverted  image.  Whether  the  image  is  blurred  or  not  depends  upon 
the  refractive  power  of  the  media,  and  upon  the  distance  of  the  anterior 
surface  of  the  cornea  from  the  retina.  If  the  refractive  media  are  too 
powerful,  or  the  eye  too  long,  the  image  is  formed  in  front  of  the  retina 
(fig.  422) ;  if  the  reverse,  the  image  is  formed  behind  the  retina,  and  in 
both  cases  an  indistinct  and  blurred  image  is  the  result. 

Accommodation. 

The  distinctness  of  the  image  formed  upon  the  retina,  is  mainly  de- 
pendent on  the  rays  emitted  by  each  luminous  point  of  the  object  being 
brought  to  a  perfect  focus  upon  the  retina.  If  this  focus  occur  at  a 
point  either  in  front  of,  or  behind  the  retina,  indistinctness  of  vision 
ensues,  in  the  way  we  have  already  described,  with  the  production  of  a 
halo.  The  focal  distance^  i.^.,  the  distance  from  a  lens  of  the  point  at 
which  the  luminous  rays  are  collected,  besides  being  regulated  by  the 
degree  of  convexity  and  density  of  the  lens,  varies  with  the  distance  of 
the  object  from  the  lens,  being  greater  as  this  is  shorter,  and  vice  versd. 
Hence,  since  objects  placed  at  various  distances  from  the  eye  can  within 
a  certain  range,  different  in  different  persons,  be  seen  with  almost  equal 
distinctness,  there  must  be  some  provision  by  which  the  eye  is  enabled  to 
adapt  itself,  so  that  whatever  length  the  focal  distance  may  be,  the  focal 
point  may  always  fall  exactly  upon  the  retina. 

This  power  of  accommodation,  or  the  adaptation  of  the  eye  to  vision 
at  different  distances^  has  received  the  most  varied  explanations.  It  is 
obvious  that  the  effect  might  be  produced  in  either  of  two  ways,  viz.,  (a) 
by  altering  the  convexity,  and  thus  the  refracting  power,  either  of  the 
cornea  or  of  the  lens;  or  (b)  by  changing  the  position  either  of  the 
retina  or  of  the  lens,  so  that  whether  the  object  be  near  or  distant,  the 
focal  points  to  which  the  rays  are  converged  by  the  lens  may  always  fall 
exactly  on  the  retina.  The  amount  of  either  of  these  changes,  which 
would  be  required  in  even  the  widest  range  of  vision,  would  be  extremely 
small.     For,  from  the  refractive  powers  of  the  media  of  the  eye,  the  dif- 
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ference  between  the  focal  distances  of  the  imager  of  an  object  at  a  distance, 
and  of  one  at  tho  distance  of  (our  inches,  is  odIj  about  0.143  of  an  inch 
(:j,5  mm. }.  On  this  calculation  the  change  in  the  distance  of  the  retiM 
from  the  lens  required  for  vision  at  ail  distances,  supposing  the  cornea 
and  lens  to  remain  the  same,  would  not  be  more  than  about  one  line. 

The  adaptation  of  the  eye  for  objects  at  different  distances  ia  pri- 
marily due  to  a  varying  shape  of  the  lens,  its  front  surface  becoming 
more  or  Icbs  convex,  according  as  the  distance  of  tho  objc*ct  looked  at  is 
near  or  far.  The  nearer  the  oljject,  the  more  convex,  up  to  a  certain 
limitj  the  front  surface  of  the  lens,  and  vir^  ver»d;  the  back  snrface  tak- 
ing little  or  no  share  in  the  production  of  the  effect  require*!.  And  thial 
fiurfatx\  which  during  rest  is  more  convex  than  tho  anterior,  becom«' 
tlie  leas  convex  of  the  two  daring  accommodation.  Tho  following  aimpk 
experiment  illustrates  this  point:  If  a  lighttn]  candle  be  held  a  tittle  to 
one  side  of  a  person's  eye,  an  observer  looking  at  the  eye  from  the  other 
side  sees  three  distinct  images  of  the  flame  (fig.  423).  The  first  and 
brightest  is  (1)  a  small  erect  image  formed  hy  the  anterior  convex  surface 
of  the  cornea;  the  second  {*l)  is  also  erect,  hut  larger  and  less  distinct  than 
the  preceding,  and  is  formed  at  the  anterior  convex  surface  of  the  leni; 
the  third  (3)  is  smaller,  inverted,  and  indistinct;  it  is  forraed  at  the 
posterior  surface  of  the  lens,  which  is  concave  forward,  and  thereforct 
like  all  concave  mirrors,  gives  an  inverted  image.  If  now  the  eye  un<J^ 
ohsurvation  he  made  to  look  at  n  near  ohject,  the  second  image  beeomei 
smaller,  clearer,  and  approaches  the  first.  If  the  eye  bo  now  adjusted 
for  a  far  pjiut,  the  second  image  enlarges  again,  becomes  less  distinct, 
and  recedes  from  the  first.     In  both  cases  alike  the  first  and  third  imagia 
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Pl|f.  4SS.'I>la|rrain  Khowing^  thr*^'  r^'ftiviionrt  of  a  randl«>.    1,  From  the  interior 
conn-Mi;  Sf,  from  tlit%  atit^rlur  nurfm^-  of  lens;  3,  from  th**  pwterior  itiirfacf)  of  lens.    For 
»*xplArmt(oii,  rtrt»*  t4*Jtt.     The  eifiH- rime  lit  in  l*«t  p«^rforiued  by  employ  Iniif  an  iHBtruineiit  ia* 
by  Uelmtiultz.  termed  a  Pkakonitp*'. 

remain  unalteretl  in  size,  distinctness,  and  relative  position.  Thig 
proves  that  during  accommodation  for  near  ohjects  the  curvatnre  of  tlw 
cornea,  and  of  the  posterior  of  the  lens,  remains  unaltered,  while  the 
antrrior  surface  of  the  lens  becomes  more  convex  and  approaches  the 


mea. 
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The  experiment  {fig.  it3  a)  is  more  striking  when  two  candles  are 
^Tised,  iind  the  images  of  the  two  eandles  from  the  front  surface  of  the 
lens  during  accommodation  not  only  approach  those  from  the  cornea, 


I 
1 


^ 


km.  4U. 

¥ig.  428  A.  — Diairmin  of  SaoBon'R  ima^;e«.  A,  when  thP  ey***  at^  not,  and  B.  whra  thej  are 
toeaaaeiid  tor  dinu-  objt^^tfi.  The  IRg.  to  tli«?  Httht  in  A  and  B  Ih  th^  Inverted  Imo^  from  thus  poa- 
terior  Burfacv  of  tht*  tena. 

Fig.  4»4,— PhaltfmH^pe  of  Helmhoitsi.  At.  H  H'  ar»»  twMi  priHinw,  hy  which  the  li^rht  of  a  eimdle 
Is  O0(iio<*titrat*?ci  on  thw  eye  of  the  peritoii  t»atprTinieiit*xi  with  at  r"  A  t*4  tlit*  ii[w*rturn  for  the 
eye  of  the  oba^r^er  The  ohaeFver  tioticn»H  iUrve  tloitbJf  niia^PN^  tm  in  fi^,  4:2S,  rHllt'L't*Ni  from  Urn 
«ye  uzid^r  examination  when  the  eye  Is  llxed  uyj<in  a  distant  ohjei't;  the  jMjsition  of  the  Lma«eii 
IuitIi^  been  DOtUTeNJ,  the  eye  is  then  tniule  t4>  Utcun  a.  tw»r  object,  Klieh  ait  a  reed  pushed  up  by 
C;  the  images  f^oni  th«^  ant^Tior  surftR^  of  ttie  lenn  will  be  ooiienrfHl  to  utov<«  towaril  each  other. 
In  oodsequeaee  of  the  leii«  tv^-omiii^  more  (^mvex, 

but  also  approach  one  another,  and  become  somewhat  smaller.     (San- 

Merhaniwt  of  mxonimofhithtK — ^The  lens  having  no  inherent  jwwer 
of  contraction^  its  ehangest  of  ontUnes  must  be  produced  by  some  power 
from  without  J  this  power  is  supplied  by  the  ciliary  muscle.  It  is  some- 
times termed  the  iensor  rhonndew.  It8  action  is  to  draw  forward  the 
choroid,  and  by  so  doing  to  fikeken  the  tension  of  the  suspensory  liga- 
ment of  the  lens  which  arises  from  it.  The  anterior  surface  of  the  lens 
is  kept  flattened  by  tlie  aetiun  of  this  ligament  The  ciliary  muscle 
during  accommodatitm  by  diniinishing  its  tension,  diminishes  to  a  pro- 
portional degree  the  flattening  of  which  it  is  the  cause.  On  diminution 
or  cessation  of  the  action  of  the  ciliary  muscle,  the  lens  returns  to  its 
former  shape,  by  virtue  of  the  elasticity  of  the  suspensory  ligament 
(flg*  425).  From  this  it  will  appear  that  the  eye  is  usually  focussed 
for  distant  objects.  In  viewing  near  objects  the  pupil  contracts,  the 
opposite  effect  taking  place  on  withdrawal  of  the  attention  from  near 
objects,  and  fixing  it  on  those  distant. 
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Range  of  Distinct  ViHion.  Near-pmni, — In  erery  eye  there  b  a  limit 
to  the  power  of  accommodation.  If  a  book  be  brought  nearer  tnd 
nearer  to  the  eye,  the  type  at  last  becomes  indistinct,  and  cannot  be 
brought  into  focus  by  any  effort  of  accommodation,  however  etroDg. 
This,  which  is  termed  the  near -pointy  can  be  determined  by  the  foUow- 


PiS.  485. 


-DiACT&m  WjpKWantiny  by  dotted  Hues  the  aJtermtion  in  the  shape  of  the  Ion  i»  le- 
cotomodalloii  for  near  objects.     (K  LAoiloltji 


ing  experiment  {Scheiner).  Two  small  holes  are  pricked  in  a  card  witk 
a  pin  not  more  than  a  twelfth  of  an  inch  (2  ram.)  apart,  at  any  rat« 
their  distance  from  each  other  must  not  exceed  the  diameter  of  the  pu- 
pil.  The  card  is  hekl  clo^c  in  front  of  the  eye,  and  a  small  needW 
viewed  through  the  pin-holes.  At  a  moderate  distance  it  can  be  dearlj 
focussed,  but  when  brought  nearer,  beyond  a  certain  point,  the  linage 
appears  double  or  at  any  rate  blurred.  This  point  where  the  needle 
ceaBee  to  appear  single  is  the  ne^ir-point.  Its  distance  from  the  eye  i 
of  course  be  readily  measured.  It  is  usually  about  5  or  6  inchea  j 
cm.).     In  the  accompanying  figure  (tig,  426)  the  lens  h  represents! 


n^  ^Hk^IMvgmii  of  ezperiniefit  to  asoertftto  the  mfniinum  rttgtminee  of  dJvtIiiot  TJrtoB. 

eye;  f/'the  two  pin-holes  in  the  card,  nn  the  retina;  a  represents  the  po- 
sition of  the  needle.  When  the  needle  is  at  a  moderate  distance,  the 
two  ]>encilB  of  light  coming  from  e  and  /,  are  focnssed  at  a  single  point  on 
the  retina  nn.  If  the  needle  be  brought  nearer  than  the  near-point,  the 
strongest  effort  of  accommodation  is  not  sufficient  to  focus  the  two  pen- 


A 


I 


I 

I 

I 
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rils,  they  meet  at  a  point  behind  the  retina.  The  effect  is  the  same 
ag  if  the  retina  were  shifted  forward  to  mm.  Two  images  h.g.  are 
formed,  one  from  each  liole.  It  ig  interesting  to  note  that  when  two 
images  are  produced,  llie  lower  one// really  appears  in  the  iX)sition  Q, 
while  the  upper  one  appears  in  the  position  p.  This  may  be  readily 
verified  by  covering  the  holes  in  succession* 

During  accommodation  iyfo  other  changes  take  place  in  the  eyes, 
(1)  The  eyes  tvnrerge  by  the  action  of  the  extra-ocular  muscles  chiefly 
by  the  internal  and  inferior  recti,  or  internal  and  superior  recti.  The 
sujierior  oblique  and  the  inferior  oblique  may  also  be  used  to  turn  the 
eye  upward  or  downward. 

MoTemcnts  of  the  Eye.— The  eye  hall  po«fles5€»8  movement  around  thre*  axes 
in(]icat4Ml  in  fig.  41? 7,  visj. ,  an  antcropoHUnior,  a  vertical,  and  a  tmnsverse^ 
passing  thr«iugli  a  ci;'iitre  of  rotation  a  little  t)ehiud  the  centre  of  the  optic  axi«. 
Tlie  movements  are  accomplished  by  pairs  of  muscles. 


Direction  of  Movement. 
Inward  .  ,  ,  .  . 
Outward  .        .        ,        .        . 


Upward 

Dow^nward 

Inward  and  upward   . 

Inward  and  downward  , 

Outward  and  upward 

Outward  and  downward 


By  what  mtisdes  accomplished. 

In  tern  fit  rectus. 

External  rectus, 
j  8yiierior  rei*tua. 
I  Inferior  obi i que. 
i  Inferior  n^tii8» 
)  Su|jerior  oblit|ue. 
j  Internal  ami  sujierior  rectus. 
i  Inferior  oblicjue, 
j  Internal  and  inferior  rectus. 
)  Superior  oblit|ue. 
\  External  and  superior  rectus. 
}  Inferior  oblique. 
\  Extertml  and  inferior  rectus. 
)  Sujierior  oblique. 


(2)  The  second  change  which  takes  place  in  the  eyes  is,  that  the 
ptipih  eontmd.  The  contraction  of  all  of  the  muscles  which  have  to  do 
with  accommodation,  viz.,  of  the  ciliary  muscle,  of  the  recti  muscles, 
and  of  the  sphincter  pupillw  is  under  the  control  of  the  third  nerve. 
But  the  superior  ohlifpie  may  also  be  employed,  in  which  ease  the  fourth 
nerve  is  also  coneerned. 

Coniradion  of  the  pupil  may  also  occur  under  the  following  circum- 
stances: (1)  On  exposure  of  the  eye  to  a  bright  light;  (2)  on  the  local 
application  of  eseriue  (active  principle  of  Calabar  bean);  (3)  on  the 
administration  internally  of  opium,  aconite,  and  in  the  early  stages  of 
chloroform  and  alcohol  poisoning;  (4)  on  division  of  the  cervical 
sympathetic  or  stimulation  of  the  third  nerve>  and  f///«/tf/i>«  of  the  pupil 
occurs  (1)  in  a  dim  light;  (2)  when  the  eye  is  focussed  for  distant  ob- 
jects; (3)  on  the  local  application  of  atropine  and  its  allied  alkaloids; 
(4)  on  the  internal  administration  of  atropine  and  its  allies;  (5)  in 
the  later  stages  of  poisoning  by  chloroform,  opium,  and  other  drugs; 
(G)  on  paralysis  of  the  third  nerve;  (7)  on  stimulation  of  the  cervical 
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sympathetic,  or  of  its  centre  in  the  floor  of  the  front  of  th©  aqueduct  of 
Sylvius,  The  contraction  of  the  pupil  appears  to  be  under  the  control 
of  a  centre  in  the  bulb  or  in  the  corpora  quadrigemina,  ajid  thisig 
reflexly  stimnhitod  by  a  bright  light,  and  the  dihUation  when  the  reflex 
centre  is  not  in  action  is  doe  to  the  more  powerful  sympathetic  action; 
but  in  addition,  it  apix^ars  that  both  contraction  and  dilatation  may  be 


fig,  4Xt.^lfiMgtwak  of  ih*^  axeM  of  nMAtfon  to  the  eye..    The  thin  Hoes  todicate  « 
ttie  thick  the  pfjttition  of  muHCular  »ttac'hmeDt 

produced  by  a  local  mechanism,  upon  which  certain  drugs  can  act^  which 
]g  independent  of  and  prolmbly  often  antagonistic  to  the  action  of  the 
central  apparatus  of  the  third  and  aympatheticner^'e.  The  action  of  the 
fifth  nerve  upon  the  pupil  is  not  well  understood,  but  its  apparent  effect 
in  producing  dilatation  is  duo  to  the  mixture  of  sympathetic  fibre* 
witli  its  nasal  branch.  The  sympathetic  influence  upon  the  radiating 
fll)re8  is  believed  to  be  convGyed  not  by  the  long  ciliary  branches  of  that 
nerve,  but  by  the  short  ciliiiry  liranches  from  the  ophthalmic  ganglion. 
The  close  sympathy  subsisting  lK?tween  the  two* eyes  is  nowhere  bettt*r 
shown  than  by  the  condition  of  the  pupil.  If  one  eye  be  shaded  by  the 
hand  its  pupil  will  of  course  dilate;  but  the  pupil  of  the  oi/ter  eye  will 
also  dilate,  though  it  is  unshaded, 

Uefeits  in  the  Optical  Apparatus. 

Defects  in  the  Refracting  Media. — Under  this  head  we  maycon* 
sider  the  defects  known  as  (1)  Myopia,  (2)  H\^ermetropia,  (3)  Aatig- 
iji^H««   (4 J  Spherical  Aberration,  (5)  Chromatic  Aberration* 


I 
1 


The  normal  (emmetropic)  eye  is  so  adjasted  that  parallel  rays  are 
brought  exiictly  to  a  focus  on  the  retina  without  any  effort  of  accommo- 
dation  (1,  tig.  428),  Hence  all  objects  except  near  ones  (practically  all  I 
objects  more  than  twenty  feet  otT)  are  seen  without  any  effort  of  accom- 
mo<lation;  in  other  words*  the  far-point  of  the  normal  eye  is  at  an  infinite 
distance.  In  viewing  near  object-s  we  are  eonsciooa  of  the  effort  (the  con- 
traction of  the  ciliary  muscle)  l>y  which  the  anterior  surface  of  the  lens  ia  ^ 
reudertHl  more  convex,  and  rays  which  would  otherwise  lie  focuaaed  Mttnd 
the  retina  are  converged  upon  the  retina  (see  dotted  lines  2,  fig.  428). 


Flir.  488— Diagram  Khowinp— I,  normal  <'fiiinn^traplc>  e-ye^  bHnein>e  paraUrl  ray«  ^xartly  to 
A  focuR  OG,  tlti"  r**ima:  '2,  ni>rmal  eyn  ailanUnl  in  a  mmr  iKiint:  without  fux^omuiixJaiioti  Ihe  rAj» 
would  Itt*  ftitcuHiuHl  tH^'hind  tht"  netlim,  btit  liy  incrriajiilDir  tli*.»  curvatiipe  of  the  iuilj*rinr  KurfiU76  of 


thc^  Ihuh  i»djowo  by  a  il(>tt4*cl  \mv)  Oie  rayx  arif  f*>cu*tf«'a  on  tht*  nrtina  {*«  iniUcAtixi  by  ttie  i 
iuK  of  th«  tWit  d;otl4?d  Uti**i);  .I*  h^frmrtrojnr  eye.  In  this  i.ft«e  thtt  axis  of  Uie  ^3^9  U  shorter, 
and  tht*  l^ns  Jlutt*?r,  tliati  nonnal;  parallel  ray«  art*  fcwiisswi  bt*hind  tlje  frtiim;  4,  mf/opie  ejfe; 
iu  thiB  ammi  the  axis  of  the  eye  in  abnonually  long,  and  the  h:>na  too  eonvox;  par&lljel  rays  are 
focusned  la  trool  of  the  retina. 

1.  3/i^o/^rrt  (short-sight)  (4,  fig.  428),^ — This  defect  is  due  to  an  abnor- 
mal elongation  of  the  eyehall.  The  eye  is  usually  larger  than  normal 
and  is  always  longer  than  normal;  the  lens  is  also  probably  too  convex. 
The  retina  ia  too  far  from  the  lens  and  consequently  parallel  rays  are 
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focussed  in  front  of  the  retina,  and,  crossing,  fonn  little  circles  on  the 
retina;  thus  the  images  of  distant  objects  are  blurred  and  indistioei 
The  eye  is,  aa  it  were,  permanently  adjusted  for  a  near- point.  Rays 
from  a  point  near  the  eye  are  exactly  focussed  in  the  retina.  But  ihoae 
which  issue  from  any  object  l>eyoiid  a  certain  distance  {far-paint)  camiol 
be  distinctly  foeussed.  This  defect  is  corrected  hyc^mcave  glasses  which 
cause  the  rays  entering  the  eye  to  diverge;  hence  they  do  not  come  to  s 
fueua  HO  soon.  Siiuh  ghtssea  of  course  are  only  needed  to  give  a  clear 
vision  of  distant  objects.  For  near  objects,  except  in  extreme  eases,  they 
are  not  required. 

Hf/permefropia  (long-sight)  (3»  fig.  428). — This  is  the  reverse  defect 
The  eye  is  too  short  and  the  lens  too  flat.  Parallel  rays  are  focaaied 
behind  the  retina;  an  effort  of  aceoramodation  is  required  to  focus  even 
parallel  rays  on  tlie  retinti;  and  when  they  are  divergent,  as  in  viewing 
a  near  object,  the  acL*ommodation  is  insufficient  to  focus  them.  Thus 
in  well-marked  cases  distant  objects  require  an  effort  of  accommodatioa 
and  near  ones  a  very  powerful  effort.  Thus  the  ciliary  muscle  is  con- 
stantly acting.  This  defect  is  obviated  by  tlie  use  of  convex  glasaee, 
whicli  renders  the  pencils  of  light  more  convergent  Such  glasses  are  of 
course  e8|KvcialIy  needed  for  near  objects,  as  in  reading,  etc.  They  rest 
the  eye  by  relieving  the  ciliary  muscle  from  excessive  work. 

3.  Asfiijmaii>(m,—T\\m  defect,  wliich  was  first  discovered  by  Airy,  is 
due  to  a  greater  curvature  of  the  eye  in  one  meridian  than  in  others. 
The  eye  may  be  even  myopic  in  one  j>laue  and  by]ier  me  tropic  in  others. 
Thus  vertical  and  horizontal  lincB  crossing  each  other  cannot  both  be 
foinissed  at  once;  one  set  stands  out  clearly  and  the  others  are  blurred 
and  indistinct.  This  defect,  which  is  present  in  a  slight  degree  in  all 
eyes,  is  generally  seated  in  the  coniea,  but  occasionally  in  the  lens  as 
well;  it  may  be  corrected  by  the  use  of  cylindrical  gbisses  (i'.^.,  curved 
only  in  one  direction). 

4.  Sphvriml  AbfTra(ion,~The  rays  of  a  cone  of  light  from  an  object 
situated  at  the  side  of  tlie  field  of  vision  do  not  meet  all  in  the  same 
point,  owing  to  their  unequal  refraction;  for  the  refraction  of  the  rays 
which  pass  through  the  circumference  of  a  lens  is  greater  than  that  of 
those  traversing  its  central  jvortion.  This  defect  is  known  as  tsplieriml 
abtrralinn^  and  in  tlie  camera,  teleseoiie,  microscope,  and  other  optical 
instruments,  it  is  remedied  by  the  interposition  of  a  screen  with  a  circu- 
lar aperture  in  the  path  of  the  rays  of  light,  cutting  olT  all  the  marginal 
rays  and  only  allowing  the  passage  of  those  near  the  centre.  Such  cor- 
rection is  effected  in  the  eye  by  the  iris,  which  forms  an  annular 
diaphragm  to  cover  the  circumference  of  the  lens,  and  to  prevent  the 
rays  from  passing  through  any  part  of  the  lens  but  its  centre  which  cor- 

^^  the  pupil     The  posterior  surface  of  the  iris  is  coated  with 
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pigment,  to  prevent  the  passage  of  rays  of  light  thro^igh  its  substance. 
The  image  of  an  object  will  be  most  defined  and  distinct  when  the 
pnpi!  18  narrow,  the  object  at  the  proper  distance  for  vision,  and  the 
light  abundant;  so  that,  while  a  sufficient  monber  of  rays  are  admitted, 
the  narrowness  of  the  pupil  may  prevent  the  production  of  indistinctness 
of  the  image  by  sphermil  aberratimi.  But  even  the  image  formed  by 
the  rays  passing  through  the  circumference  of  the  lens,  when  the  pupil 
is  much  dilated,  as  in  the  dark,  or  in  a  feeble  light,  may,  under  certain 
circumstances,  be  well  defined. 

Distinctness  of  vision  is  further  secured  by  the  pigment  of  the  outer 
surface  of  the  retina,  the  posterior  snrface  of  the  iris  and  the  ciliary 
processes,  which  absorbs  any  rays  of  light  that  may  be  reflected  within 
the  eye,  and  prevent-s  their  being  thrown  again  upon  the  retina  so  as  to 
int43rfere  with  the  images  there  formed.  The  pigment  of  the  retina  is 
especially  important  in  this  respect;  for  with  the  exception  of  its  outer 
layer  the  retina  is  very  transparent,  and  if  the  surface  behind  it  were  not 
of  a  dark  color,  but  capable  of  reflecting  the  light,  the  luminous  rays 
which  had  already  acted  on  the  retina  would  be  reflected  again  thrnngh 
it,  and  would  fall  upon  other  parts  of  the  same  membrane,  producing 
both  dazzling  from  excessive  light,  and  indistinctness  of  the  images. 

6,  Ohromaiic  Ahtrration. — In  the  passage  of  light  through  an  ordi- 
nary convex  lens,  decomposition  of  each  ray  into  its  elementary  colored 
part,  commonly  ensues,  and  a  colored  margin  appears  around  the  image, 
owing  to  the  unequal  refraction  which  the  elementary  colors  undergo. 
In  optical  instruments  this,  which  is  tt^rraed  vhromatk  aberration,  is  con- 
nected by  the  use  of  two  or  more  lenses,  differing  in  shape  and  density, 
the  second  of  which  continues  or  incre^jscs  the  refraction  of  the  rays 
produced  by  the  first,  but  by  recombining  the  individual  parts  of  each 
ray  into  its  original  white  light,  corrects  any  chromatic  aberration  which 
may  have  resulted  from  the  first.  It  is  probable  that  the  nneqtuil  refrac- 
tive power  of  the  transparent  media  in  front  of  the  retina  may  be  tho 
means  by  which  the  eye  is  enabled  to  guard  against  the  effect  of  chromatic 
aberration.  The  human  eye  is  achromatic,  however,  only  so  long  aa 
the  image  is  received  at  its  focal  clistance  upon  the  retina,  or  so  long  as 
the  eye  adapts  itself  to  the  different  distances  of  sight.  If  either  of 
these  conditions  be  interfered  with,  a  more  or  less  distinct  appearance 
of  colors  is  produced. 

An  ordinary  ray  of  white  light  in  passing  through  a  prism,  is  refract* 
ed,  Le,y  l>ent  out  of  its  course,  hut  the  different  colored  rays  which  go 
to  make  up  white  light  are  refracted  in  different  degrees,  and  therefore 
appear  as  colored  bands  fading  off  into  each  other:  thus  a  colored  band 
known  as  the  "  spectrum''  is  produced,  tlie  colors  of  which  are  arranged 
88  follows — red,  orange,  yeUow,  green,  blue,  indigo,  violet;  of  these 
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the  red  ray  is  the  least,  and  the  violet  the  most  refracted.  Hence,  ag 
Helmholtz  has  shown,  a  small  white  object  cannot  be  accurately  focosBed 
on  the  retina,  for  if  we  focas  for  the  red  rays,  the  violet  are  out  of  focus, 
and  vice  versd :  such  objects,  if  not  exactly  f ocussed,  are  often  seen  sar- 
rounded  by  a  pale  yellowish  or  bluish  fringe. 

For  similar  reasons  a  red  surface  looks  nearer  than  a  blue  one  at  an 
equal  distance,  because,  the  red  rays  being  less  refrangible,  a  stronger 
effort  of  accommodation  is  necessary  to  focus  them,  and  the  eye  is  adjusted 
as  if  for  a  nearer  object,  and  therefore  the  red  surface  appears  nearer. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white  ob- 
ject, it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This  phenom- 
enon is  termed  Irradiation.  It  is  from  this  reason  that  a  white  square 
on  a  black  ground  appears  larger  than  a  black  square  of  the  same  size  on 
a  white  ground. 

As  an  optical  instrument,  the  eye  ut  superior  to  the  camera  in  the 
following,  among  many  other  particulars,  which  may  be  enumerated  in 
detail.  1.  The  correctness  of  images  even  in  a  large  field  of  view.  2. 
The  simplicity  and  efficiency  of  the  means  by  which  chromatic  aberra- 
tion is  avoided.  3.  The  perfect  efficiency  of  its  adaptation  to  different 
distances.  In  the  photographic  camera,  it  is  well  known  that  only  a  com- 
paratively small  object  can  be  accurately  focussed.  In  the  photograph 
of  a  large  object  near  at  hand,  the  upper  and  lower  limits  are  always 
more  or  less  hazy,  and  vertical  lines  appear  curved.  This  is  due  to  the 
fact  that  the  image  produced  by  a  convex  lens  is  really  slightly  curved  and 
can  only  be  received  without  distortion  on  a  slightly  curved  concave 
screen,  hence  the  distortion  on  a  flat  surface  of  ground  glass.  It  is 
different  with  the  eye,  since  it  possesses  a  concave  background,  upon 
which  the  field  of  vision  is  depicted,  and  with  which  the  curved  form  of 
the  image  coincides  exactly.  Thus,  the  defect  of  the  camera  obscnra 
is  entirely  avoided;  for  the  eye  is  able  to  embrace  a  large  field  of  vision, 
the  margins  of  which  are  depicted  distinctly  and  without  distortion.  If 
the  retina  had  a  plane  surface  like  the  ground  glass  plate  in  a  camera, 
it  must  necessarily  be  much  larger  than  is  really  the  case  if  we  were  to 
see  as  much ;  moreover,  the  central  portion  of  the  field  of  vision  alone 
would  give  a  good  clear  picture  (Bernstein). 

Df/fciirt  AcoffnmotUifioH — Pre^ifopia, — This  condition  is  due  to  the 
gradual  lo^  of  the  power  of  accommodation  which  is  part  of  the  general 
decay  of  dd  age.  In  consequence  the  patient  would  be  obliged  in  read- 
ing to  hold  his  book  further  and  further  away  in  order  to  focus  the 
kU«n»  till  at  last  the  letters  are  held  too  far  for  distinct  vision.  The 
ii  remedied  by  weak  convex  ^iaeses;,  which  are  very  commonly 
^  Vv  f^  n^ople*  It  is  due  chiefly  to  the  gradual  iacreaae  in  density 
is  imable  to  swell  oat  and  become  coavex  wlien  near 
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objects  are  looked  at,  and  also  to  a  weakening  of  the  ciliary  muscle,  and 
a  general  loss  of  elasticity  in  the  parts  concerned  in  the  mechanism. 

Visual  Sensations. 

Excitation  of  the  Retina.— Light  is  the  normal  agent  in  the  ex. 
citation  of  the  retina.  The  only  layer  of  the  retina  capable  of  reacting 
to  the  stimulus  is  the  rods  and  cones.  The  proofs  of  this  statement 
may  be  summed  up  thus: — 

(1.)  The  point  of  entrance  of  the  optic  nerve  into  the  retina,  where 
the  rods  and  cones  are  absent,  is  insensitive  to  light  and  is  called  the 
blind  spot.  The  phenomenon  itself  is  very  readily  demonstrated.  If 
we  direct  one  eye,  the  other  being  closed,  upon  a  point  at  such  a  dis- 
tance to  the  side  of  any  object,  that  the  image  of  the  latter  must  fall 
upon  the  retina  at  the  point  of  entrance  of  the  optic  nerve,  this  image 
is  lost  either  instantaneously,  or  very  soon.  If,  for  example,  we  close  the 
left  eye,  and  direct  the  axis  of  the  right  eye  steadily  toward  the  circular 


spot  here  represented,  while  the  page  is  held  at  a  distance  of  about  six 
inches  from  the  eye,  both  dot  and  cross  are  visible.  On  gradually  in- 
creasing the  distance  between  the  eye  and  the  object,  by  removing  the 
book  farther  and  farther  from  the  face,  and  still  keeping  the  right  eye 
steadily  on  the  dot,  it  will  be  found  that  suddenly  the  cross  disappears 
from  view,  while  on  removing  the  book  still  farther,  it  suddenly  comes 
in  sight  again.  The  cause  of  this  phenomenon  is  simply  that  the  por- 
tion of  retina  which  is  occupied  by  the  entrance  of  the  optic  nerve,  is 
quite  blind ;  and  therefore  that  when  it  alone  occupies  the  field  of  vision, 
objects  cease  to  be  visible.  (2.)  In  the  fovea  centralis  and  macula 
lutea  which  contain  rods  and  cones  but  no  optic  nerve-fibres,  light  pro- 
duces the  greatest  effect.  In  the  latter,  cones  occur  in  large  numbers, 
and  in  the  former  cones  without  rods  arc  found,  whereas  in  the  rest  of  the 
retina  which  is  not  so  sensitive  to  light,  there  are  fewer  cones  than  rods. 
We  may  conclude,  therefore,  that  cones  are  even  more  important  to 
vision  than  rods.  (3.)  If  a  small  lighted  candle  be  moved  to  and  fro 
at  the  side  of  and  close  to  one  eye  in  a  dark  room  while  the  eyes 
look  steadily  forward  into  the  darkness,  a  remarkable  branching 
figure  {PurkinjVs figures)  is  seen  floating  before  the  eye,  consisting  of 
dark  lines  on  a  reddish  ground.  As  the  candle  moves,  the  figure  moves 
in  the  opposite  direction,  and  from  its  whole  appearance  there  can  be  no 
doubt  that  it  is  a  reversed  picture  of  the  retinal  vessels  projected  before 
the  eye.  The  two  large  branching  arteries  passing  up  and  down  from 
the  optiQ  4i|K)  are  clearly  visible  together  with  their  minutest  branches. 
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A  little  to  one  side  of  the  disc,  in  a  part  free  from  veflBels,  ia  seen  the 
yellow  spot  in  the  form  of  a  dight  depression.  This  remarkable  appear- 
ance is  due  to  shadows  of  the  retinal  vessels  cast  by  the  candle.  The 
branches  of  these  vessels  are  chiefly  distributed  in  the  nerve-fibre  and 
ganglionic  layers;  and  since  the  light  of  the  candle  falls  on  the  retinal 
vessels  from  in  front,  the  shadow  is  cast  behind  them,  and  hence  thoee 
elements  of  the  retina  which  perceive  the  shadows  must  also  lie  behind 
the  vessels,  llere,  then,  we  have  a  clear  proof  that  the  light-perceiving 
elements  of  the  retina  are  not  the  fibres  of  the  optic  nerve  forming  the 
innermost  layer  of  the  retina,  but  the  external  layers  of  the  retina,  rods 
and  cones,  which  indeed  appear  to  be  the  special  terminations  of  the 
optic  nerve-fibres. 

Duration  of  Vistud  Sensations. — The  duration  of  the  sensation  pro- 
duced by  a  luminous  impression  on  the  retina  is  always  greater  than  that 
of  the  impression  which  produces  it.  However  brief  the  luminous  impres- 
sion, the  effect  on  the  retina  always  lasts  for  about  one-eighth  of  a  second. 
Thus,  supposing  an  object  in  motion,  say  a  horse,  to  be  revealed  on  a 
dark  night  by  a  flash  of  lightning.  The  object  would  be  seen  apparently 
for  an  eighth  of  a  second,  but  it  would  not  appear  in  motion;  because, 
although  the  image  remained  on  the  retina  for  this  time,  it  was  really 
revealed  for  such  an  extremely  short  period  (a  flash  of  lightning  being 
almost  instantaneous)  that  no  appreciable  movement  on  the  part  of 
the  object  could  have  taken  place  in  the  period  during  which  it  was 
revealed  to  the  retina  of  the  observer.  And  the  same  fact  is  proved  in  a 
reverse  way.  The  spokes  of  a  rapidly  revolving  wheel  are  not  seen  as 
distinct  objects,  because  at  every  point  of  the  field  of  vision  over  which 
the  revolving  spokes  pass,  a  given  impression  has  not  faded  before  another 
comes  to  replace  it.  Thus  every  part  of  the  interior  of  the  wheel 
appears  occupied. 

The  duration  of  the  after-sensation^  produced  by  an  object,  is  greater 
in  a  direct  ratio  with  the  duration  of  the  impression  which  caused  it. 
Hence  the  image  of  a  bright  object,  as  of  the  panes  of  a  window  through 
which  the  light  is  shining,  may  be  perceived  in  the  retina  for  a  con- 
siderable period,  if  we  have  previously  kept  our  eyes  fixed  for  some  time 
on  it.  But  the  image  in  this  case  is  negative.  If,  however,  after 
shutting  the  eyes  for  some  time,  we  open  them  and  look  at  an  object  for 
an  instant,  and  again  close  them,  the  after-image  is  positive. 

Intensity  of  Visiml  Sensations, — It  is  quite  evident  that  the  more 
luminous  a  body  the  more  intense  is  the  sensation  it  produces.  But  the 
intensity  of  the  sensation  is  not  directly  proportional  to  the  intensity 
of  the  luminosity  of  the  object.  It  is  necessary  for  light  to  have  a  cer- 
tain intensity  before  it  can  excite  the  retina,  but  it  is  impossible  to  fix  an 
arbitrary  limit  to  the  power  of  excitability.     As  in  other  sensations,  lo 
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also  in  visaal  sensations,  a  stimulns  may  be  too  feeble  to  produce  a  sen- 
sation. If  it  be  increased  in  amount  sufficiently  it  begins  to  produce  an 
effect  which  is  increased  on  the  increase  of  the  stimulation ;  this  in- 
crease in  the  eftect  is  not  directly  proportional  to  the  increase  in  the 
excitation,  but,  according  to  Fecliner'^s  laWj  *'  as  the  logarithm  of  the 
stimulus,"  i,e,y  in  each  sensation,  there  is  a  constant  ratio  between  the 
increase  in  the  stimulus  and  the  increase  in  the  sensation,  this  constant 
ratio  for  each  sensation  expresses  the  least  perceptible  increase  in  the 
sensation  or  minimal  increment  of  excitation. 

This  law,  which  is  true  only  within  certain  limits,  may  be  best 
understood  by  an  example.  When  the  retina  has  been  stimulated  by  the 
light  of  one  candle,  the  light  of  two  candles  will  produce  a  difference  in 
sensation  which  can  be  distinctly  felt.  If,  however,  the  first  stimulus 
had  been  that  of  an  electric  light,  the  addition  of  the  light  of  a  candle 
would  make  no  difference  in  the  sensation.  So,  generally,  for  an  addi- 
tional stimulus  to  be  felt,  it  may  be  proportionately  small  if  the  original 
stimulus  have  been  small,  and  must  be  greater  if  the  original  stimulus 
have  been  great.  The  stimulus  increases  as  the  ordinary  numbers,  while 
the  sensation  increases  as  the  logarithm. 

Part  of  the  light  which  enters  the  eye  is  absorbed  and  produces  some 
change  in  the  retina,  of  which  we  shall  treat  further  on;  the  rest  is 
reflected. 

Every  one  is  perfectly  familiar  with  the  fact,  that  it  is  quite  impos- 
sible to  see  the  fundus  or  back  of  another  person's  eye  by  simply  looking 
into  it.  The  interior  of  the  eye  forms  a  perfectly  black  background  to 
the  pupil.  The  same  remark  applies  to  an  ordinary  photographic 
camera,  and  may  be  illustrated  by  the  difficulty  we  experience  in  seeing 
into  a  room  from  the  street  through  the  window,  unless  the  room  be 
lighted  within.  In  the  case  of  the  eye  this  fact  is  partly  due  to  the 
feebleness  of  the  light  reflected  from  the  retina,  most  of  it  being  absorbed 
by  the  retinal  pigment,  as  mentioned  above ;  but  far  more  to  the  fact  that 
every  such  ray  is  reflected  straight  to  the  source  of  light  {e.g.,  candle),  and 
cannot,  therefore,  be  seen  by  the  unaided  eye  without  intercepting  the 
incident  light  from  the  candle,  as  well  as  the  reflected  rays  from  the 
retina.     This  difficulty  is  surmounted  by  the  use  of  the  ojMhalmoscope. 

The  ophthalmoscope,  brought  into  use  by  Helmholtz,  consists  in  its  simplest 
form  of  a,  a  slightly  concave  mirror  of  metal  or  silvered  glass  perforated  in 
the  centre,  and  fixed  into  a  handle ;  and  b,  a  biconvex  lens  of  about  2J-8  inches 
focal  length.  Two  methods  of  examining  the  eye  with  this  instrument  are  in 
common  use — the  direct  and  the  indirect:  both  methods  of  investigation  should 
be  employed.  A  normal  eye  should  be  examined  ;  a  drop  of  a  solution  of  atro- 
pia  (two  grains  to  the  ounce)  or  of  homatropia  hydrobromate,  should  be  in- 
stilled about  twenty  minutes  l>efore  the  examination  is  commenced  ;  the  ciliary 
muscle  is  thereby  paralyzed,  the  power  of  acconmiodation  is  abolished,  and  thf 
4G 
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pupil  is  dilated.  This  will  materially  facilitate  the  examination ;  but  it  is 
quite  possible  to  observe  all  the  details  to  be  presently  described  without  the  use 
of  this  drug.  The  room  being  now  darkened,  the  observer  seats  himself  in  front 
of  the  person  whose  eye  he  is  about  to  examine,  placing  himself  upon  a  some- 
what higher  level.  A  brilliant  and  steady  light  is  placed  close  to  the  left  ear 
of  the  patient.  The  atropia  having  been  put  into  the  right  eye  only  of  the  pa- 
tient, this  eye  is  examined.  Taking  the  mirror  in  his  right  hand, .and  looking 
through  the  central  hole,  the  operator  directs  a  beam  of  light  into  the  eye  of 


Fi^.  429.— Diafcratn  to  illustrate  the  action  of  the  Ophthalmoecope.  when  a  plane  coocaTe 
glass  IS  used.  c.  ohwerver's  eye.  The  light  reflected  from  any  noini,  d,  on  retina  of  a,  would 
naturally  he  foc'ussed  at  e\  if  the  lens  6  is  used  it  would  be  focuaaed  at  t.,  in  other  words,  at 
hack  of  c.  The  image  would  be  enlarged,  as  though  of  g„  and  would  be  inverted.  (After  Mc- 
Gregor Robertson.) 

the  patient.  A  red  glare,  known  as  the  reflex,  is  seen ;  it  is  due  to  the  illumi- 
nation of  the  retina.  The  patient  is  then  told  to  look  at  the  little  finger  of  tbe 
observer's  right  hand  as  he  holds  the  mirror ;  to  eflfect  this  the  eye  is  rotated 
somewhat  inward,  and  at  the  same  time  the  reflex  changes  from  red  to  a 
lighter  color,  owing  to  the  reflection  from  the  optic  disc.  The  observer  now 
approximates  the  mirror,  and  with  it  his  eye  to  the  eye  of  the  patient,  taking 
care  to  keep  the  light  fixed  upon  the  pupil,  so  as  not  to  lose  the  reflex.  At  a 
certain  point,  wliich  varies  with  different  eyes,  but  is  usually  when  there  is  an 
interval  of  about  two  or  tliree  inches  between  the  observed  and  the  observing 
eye,  the  vessels  of  the  retina  will  become  visible  as  lines  running  in  different 
direc^tions.  Distinguish  the  smaller  and  brighter  red  arteries  from  the  larger 
and  darker  colored  veins.  Examine  carefully  the  fundus  of  the  eye,  i.e.,  tbe 
red  surface — until  the  ojytic  disc  is  seen  ;  trace  its  circular  outline,  and  observe 


Fig.  4.30.  -  Diagram  to  illustrate  action  of  onhthalmoetcope  when  a  bi-convex  glass  is  used. 
The  fig.  d  on  retina  of  a  is  under  ordinary  conditions  focusaed  at  /  and  inverted.  If  the  Imw  h 
be  place<l  betwcM'n  eyes,  the  Image  h  is  seen  by  the  eye  c  as  an  enlarged  image.     (After  McGregor 

Robertson.) 

the  small  central  white  spot,  the  poms  opticus,  physiological  pit:  near  the 
centre  is  the  central  artery  of  the  retina  breaking  up  upon  the  disc  into  branches ; 
veins  also  are  present,  and  correspond  roughly  to  the  course  of  the  arteries. 
Trace  the  vessels  over  the  disc  on  to  the  retina.  The  optic  disc  is  bounded  by 
two  delicat*^  rin^,  tlie  more  external  being  the  choroidal,  while  the  more  in- 
'^"»mal  is  the  sclerotic  opening.     Somewhat  to  the  outer  side,  and  only  visible 
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afler  MjlMMjBto^ce,  is  the  ypUow  }tpi)t.  with  thc>  smallor  lightc^r  ro1nr<^r1  fox'^a 
oenliiammnB  centre.     Tliii?  constitutors  the  direct  methcxl  of  oxainiiiaiion  (fig. 
429}  ;  by  it  the  various  details  of  the  fuDdiis  are  seen 
as  they  really  exist,  and   it   is  this  method   which 
should  be  adopted  for  oniiimry  use. 

If  the  obi^tTver  is  ametropia  i.e.,  ig  myopic  or 
hy}K'rmetrt>i(i(',  he  will  Ix*  unable  to  employ  the 
dirtM^'t  uiethmiof  examimitiou  until  be  hius  remedied 
his  defective  vision  hy  the  use  i>f  proper  ^laswes. 

In  tlin  imlirei't  iiiethorl  (fi|;  430)  the  pjitient  is 
pliic*^l  jLs  Wfore,  and  the  ojwrat^»r  b^lds  tho  mirror 
in  his  right  band  at  adist;ui(eof  twelve  to  eighteen 
inebes  from  the  jMitient'ti  right  eye.  At  the  aamci 
time  he  rests  his  left  little  finger  lightly  iiix>n  the 
right  tetnple,  and  hoMing  the  lens  lx4weeii  liifl 
thumb  and  forefinKer,  two  or  three  inehes  in  front 
of  I  be  patient's  eye,  dirf^cts  the  light  through  the 
lens  into  the  eye.  The  red  reflex,  and  suhse<|Uenlly 
the  white  one,  having  been  gained,  the  t»|¥*rator 
slowly  mfivi'8  his  mirror,  andw^ith  it  hiweye,  t<jwanl 
or  away  from  the  face  of  the  patient,  until  tbe  mit- 
line  of  one  of  the  retinal  vessels  betximes  visible, 
when  very  slight  movements  on  the  part  of  the 
operator  will  siiffiee  to  bring  into  view  the  detaiU 
of  the  fundus  abt»ve  descril>ed,  hut  the  image  will 
be  much  smalU'r  alid  inverted.  The  iens  shonbl  l>t^ 
kept  fixed  »'it  a  distance  of  tw^o  or  three  inches,  tbe 
mirror  Iw^ing  alone  moved  until  tlie  disc  becomes 
visible  :  should  the  image  of  tbe  mirror,  how*ever, 
obscure  the  disc,  tbe  lens  may  be  slightly  tilted. 


stMjpi'.  The  fiuittll  upi>!T  luir- 
mt  Ih  for  dln^ipt^  th«'  larKt-r 
for  Indirect  illy  mi  nation. 


P: 


Visual  Purple.— The  method  by  which  a  my  of  light  is  able  to 
Rtiiiiulalc  tlie  endings  of  thi^  optic  nerve  in  the  retina  in  snch  a  nianiier 
thiit  a  vii^iiul  sensation  is  perceived  by  the  cerehrom  is  not  yet  under- 
stood. It  is  supposed  that  the  change  effected  hy  the  agency  of  the 
li^lit  whieli  falL^  upon  the  retina  is  in  faet  a  ehemieal  alteration  in  the 
proto[*la8m,  and  that  thiri  change  stimulates  the  optic  nerve-endings. 
The  discovery  of  a  certain  temporary  reddish-pnrple  pigmentation  of  the 
outi^r  lirnlw  of  the  retinal  rods  in  certain  jininnd^  (i-.//.,  frogs)  wbicli  had 
bi^en  killed  in  the  dark,  forming  the  so-called  rkmlnpsin  or  ristttfi  ptu'pi(\ 
ap|>earcd  likely  to  offer  some  ex|>lanatian  of  the  matter,  especially  ti&  it 
waa  also  found  that  the  pigmentation  disappeared  when  the  retina  was 
expOR'd  to  light,  and  reappeared  when  the  light  was  removed,  and  also 
that  it  nnderwent  distinct  changes  of  color  when  other  than  white 
light  was  used.  It  was?  also  found  that  if  the  operation  were  performed 
qnii^kly  enongh,  the  image  of  an  object  (opifx/rmn)  might  be  fixed  in  the 
pigtneut  on  the  retina  hy  soaking  the  retina  of  an  animal,  which  has 
been  killed  in  the  dark,  in  alum  solution. 
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T]ic  visnnl  purple  i'jiunut  however  bo  abi*ol«tcIy  (essential 
prtHiiK'tion  of  visiuil  sensations,  jn?  it  is  absent  frorn  the 
and  from  the  nmeulu  hik^u  uiid  fovea  central ig  of  the  human  retinai  and 
does  not  appear  to  exist  at  all  in  the  retiua3  uf  ikmie  animals,  e.jf.^  btit, 
dove,  and  heu,  which  are,  neverthelosis,  posdossod  of  good  visioo^ 

However  the  fact  reraaini*  that  light  falling  ii|>on   the  rtHinn  ( 
bimrhen  the  risual  purph\  an<l  this  most  be  comidcred  ae  one  of  its  t*ffc»et<. 
It  \\\m  bt^^n  found  that  certain  pigments,  ulsu  gc^nisitive  to  li^ht,  art'  con* 
tained  in  the  inner  segments  of  tlie  (u^nea.     These  colored  ttodieii  are  said 
to  he  oil  globiilua  of  varicuiH  C4:>h>ni,  rwi,  green,  and  vitUow,  c^kxl  chrmn*^ 
jthftn^^t  and  are  found  only  in  the  retinae  of  animals  not  manmiala.     The 
rhodopain  at  any  rati^!  ajipears  to  be  derived  ins<»me  way  from  the  rt^tinal 
pigment,  giuce  the  color  is  not  renewed  after  bleaching  if  the  retma  be 
detached  from  its  pigment  layer,      (t)   The  aecond  clnuige  pn><lucetl  bjr 
the  tuition  of  the  light  njiou  the  retina  is  the  mi/vemeni  of  the  pigmetii 
rt'fh.     On  the  atinmhition  of  liglit  the  grtinulew  of  pigmcTit  iu   the  cell* 
which  overlie  the  outer  part  of  tlic  rod  and  cone  layer  of  the  retina 
beconio  diffused  in  the  pjurts  of  the  oell8  l»etween  the  rcxis  and  coneB,  the 
vtrinnin  or/«/iftf7/ graimle8»  as  tliey  are  called,  pifevsingdown  into  the  prr^ 
cestJea  of  the  cells,      {c)   A  movement  of  the  amr»  and  poewibly  of  the  r<»tli 
U  also  ^uid  to  occur,  as  has  been  alrea<ly  iucidentAlly  moiitioutHi;  on  the 
Htirnulus  of  lijjlit  the  outer  parts  of  the  cones,  which  in  an  eye  proti^cted 
front    light  cxUnid   to  Mie  pigment  layer,  are  retracted.       It   i^  orcn 
thought  (hat  the  contraction  is  under  the  eontrol  of  the  nervouji  syfittm; 
»Tid  finally,  accord i Tig  to  the  c^ireful  rosearches  of  Dewar  and  McKeR- 
drick,  and  of   Holmgren,  it  apjmars  that  the  stiuuihis  of  light  h  able  In 
proflnce  (r/)  a  rariaiUm  of  the  nattwal  electriml  currents  of  the  r^Hnu, 
The  cnrrent  is  at  firat  increa^^ed  and  then  tliminished.     McKendrii'k 
believes  that  this  iji  the  electrical  fixpression  of  those  chemical  ehftnge§ 
in  the  retina  of  whicb  we  have  already  spoken. 


1 


Visual  pEiicEimuNs  and  JuDuMKsrs, 

Reversion  of  the  Image.— It  will  K^  m  well  Uy  re[>i»at  here  tlmt 
the  diret^tion  given  to  the  rays  by  their  refraction  i»  regulattnl  l«v  iXi^x 
of  the  central  n*y,  or  axis  of  the  cone,  toward  which  the  niys  w 
The  image  of  any  point  of  an  object  is,  therefore,  a«  a  rule  (the  ex 
to  which  n(H*d  Tn»t  here  Ih>  stated),  always  formed  in  a  line  identu  .*,  ,-...- 
the  axis  of  the  cone  of  light,  aA  in  the  line  of  D  ^,  or  A  a  (tig,  4319),  lo  that 
the  spot  where  the  image  of  uny  point  will  l»e  formed  upon  the  retio* 
may  bo  determined  by  prolonging  the  central  ray  of  the  cone  of  light, 
or  that  ray  which  traverR^  the  citnlre  of  the  ptipiL  Tbm^  A  n  in  the 
axis  or  central  ray  of  the  cone  of  light  iasuing  from  a;  u  A  the  caenlnl 


^ 
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rijr  of  iho  oone  of  light  issuing  from  b;  tbe  image  of  A  is  formed  at  a, 
the  linage  of  0  at  ^,  in  the  inverted  position :  therefore  what  in  the  ob* 
ject  WHS  ftbo?e  is  in  the  image  l>elow,  and  mce  versdy — the  right-hand 
|«jrt  of  the  object  is  in  the  image  to  the  left,  the  left-hand  to  the  right. 
If  an  w^^iening  be  made  in  an  eye  at  its  emperior  surface,  m  that  the 
retina  can  be  seen  through  the  vitreous  humor,  this  image  of  any  bright 
object,  such  as  the  windows  of  the  room,  may  be  perceived  inverted  upon 
the  retina.  Or  still  better,  if  the  eye  of  any  albino  animal,  such  as  a 
white  rabbit,  in  which  the  coats,  from  the  absence  of  pigment,  are  trans- 
parent, is  dissected  eleiin,  and  held  with  the  cornea  toward  the  window, 
a  Tcry  distinct  image  of  the  window  comiiletely  inverted  is  seen  depicted 
eu  the  posterior  translucent  wall  of  the  eye.     Volkniunn  has  also  shuwn 


Fig   fS.— ntftgrtun  of  tbe  fomuilicm  of  tbf*  iamgi*  on  the  n^iiui, 

bat  a  similar  experiment  may  be  snceeasfully  porforrued  in  a  living  per 
i>n  posaeflied  of  large  prominent  eyes,  and  an  unusually  transparent 
l^lerotie. 

An  image  formed  at  any  point  on  the  retina  ia  referred  to  a  point 
itside  the  eye,  lying  on  a  straight  line  drawn  froiii  the  point  on  the 
9tina  outward  through  the  centre  of  the  pupil.  Thus  an  image  on  the 
ttt  side  of  the  retimt  is  referred  by  the  mind  to  an  object  on  the  right 
lie  of  the  eye,  and  vice  versa.  Thus  all  images  on  the  retina  are  men- 
illy,  as  it  were,  projected  in  front  of  the  eye,  and  the  objects  are  seen 
ri  though  the  image  on  the  retina  is  inverted.  Much  needless  con- 
asioti  and  <lii1iculty  Imve  l>een  raised  on  this  suliject  for  want  of  re- 
ibering  that  when  we  are  said  to  gee  an  object,  the  mini  is  merely 
Bious  of  the  picture  on  the  retina,  and  when  it  refers  it  to  the  ex- 
ternal object,  or  **  projects'*  it  outside  the  eye,  it  neecAsarilif  reverses  it 
^^ttid  fees  the  object  as  erect,  though  the  retinal  image  is  invertcit. 
Hpfliii  k  further  corrol>orated  by  the  sense  of  touch.  Thus  an  object 
^wIiaBe  picture  falls  on  ilic  left  half  of  the  retina  is  reached  by  the  right 
I^^MOd,  and  hence  is  said  to  lie  to  the  rujht.  Or,  again,  an  object  whose 
image  is  formed  on  the  upper  part  of  the  retina  is  readily  touched  by 
BUie  feet,  and  is  therefore  anid  io  be  in  the  lower  part  of  the  field,  and 
^k  on. 

^P     Hesiee  it  is  also,  that  no  discordance  ariaea  between  the  sensations  of 
ioTerted  vision  and  those  of  touch,  which  perceivai  ever}^thing  in  ita 
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urect  position;  for  the  imuges  of  all  objects,  even  of  on r own  limbg, 
the  retina,  are  equally  invertetl,  and  therefore  muintum  the  same  ivli^- 
tive  poaition. 

Even  the  image  of  our  hand,  while  uaed  in  toueh,  is  seen  inverted. 
The  position  in  which  we  see  objects,  we  call,  therefore,  the  eny%^^  pcm* 
tion.  A  mere  lateral  inversioD  of  our  body  in  a  mirror,  where  the  right 
litiiid  occupies  the  left  of  the  image,  ifl  indeed  scarcely  remarked:  and 
there  is  but  little  discordance  between  the  sensations  acquired  by  touch 
in  regulating  our  xnovemeuts  by  tire  image  in  the  mirror,  and  tbotse  of 
sight,  m,  for  example,  in  tying  a  knot  in  the  cravat  There  is  0omr 
want  of  harmony  here,  on  aceonnt  of  the  inversion  being  only  lateral, 
and  not  complete  in  all  directions. 

The  percept iou  of  the  erect  position  of  objects  aj^pears,  therefore,  ta 
lie  the  result  of  an  act  of  the  mind.  And  this  leads  us  to  n  eonsidcnitiou 
of  the  several  other  properties  of  the  retina,  antl  of  the  ei>o|)t?nitioii  of 
the  mind  in  the  several  other  parts  of  the  act  of  vision.  To  thes<^  iKdong 
not  merely  tlie  act  of  sensation  it-self  and  the  jjerception  of  the  ehangei 
produced  m  the  retina,  as  light  and  colors,  but  also  the  conversion  of  the 
mere  images  ilepicted  in  the  retina  into  ideas  of  an  extende*!  fivbl  of 
vision,  of  proximity  and  distaiuxs  of  the  form  and  si/.e  of  objtrts,  of  the 
reciprocal  influence  of  ditTerent  part«  of  the  retina  upon  each  other,  the 
simnltaucont^  action  of  the  two  eyes,  and  some  other  phenomena* 

Field  of  Vision.— The  actual  size  of  the  field  of  vision  de[ieiidso!i 
the  extent  of  the  retina,  for  only  so  many  images  can  be  sei^n  at  any  one 
tinu'  as  can  occupy  the  retina  to  the  same  time;  and  thus  considere*!, 
the  retina,  the  conditions  of  which  are  perceived  by  the  brain,  i»  itsi^lf 
the  iiehi  of  vision.  But  to  the  mind  of  the  individual  th©  siie  of  tbo 
iicid  of  vis? ion  Inis  no  determinate  limits;  sometimes  it  aj>iw:^rs  f*rt 
small,  at  another  time  very  large;  for  the  mind  has  the  i»ower  of  pro- 
jecting inuigcs  on  the  retina  toward  the  exterior.  Hen<*e  the  tiutfiUil 
field  of  vision  is  very  small  wdien  the  spliere  of  the  action  of  the  mind  i« 
limited  to  imperlimenta  near  the  eye:  on  the  contrary,  it  is  very  cxtfji* 
give  when  the  projection  of  the  images  on  tlie  retina  toward  the  exterior, 
by  the  influence  of  the  mind,  is  not  impeded.  It  is  very  gmall  wht^n 
we  look  into  a  hollow  body  of  small  capacity  held  before  the  oyos;  largt 
when  we  look  out  upon  the  landscape  through  a  small  opening;  marc  wi* 
tensive  when  we  look  at  the  landscape  through  a  window;  and  most  so 
when  our  view  is  not  confined  by  any  near  object.  In  alt  the«i^  ciiee«  th« 
idea  which  we  receive  of  tlie  size  of  the  field  of  vision  h  very  difTerent, 
althtmgh  Its  iibsolute  size  is  in  all  the  same,  being  dependent  on  this  ex- 
tent of  the  retina.  Henee  it  follows,  that  the  mind  is  eonstautly  co- 
ojHTating  in  the  act^  of  vision,  so  that  at  last  it  becomc^s  diflteult  to  ««/ 
what  U^loDgs  to  mere  aeu^tiun,  and  what  to  the  intluence  of  thu 
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By  a  mental  operation  of  this  kind,  we  obtain  a  correct  idea  of  the  size 
of  individual  objects,  as  well  as  of  the  extent  of  the  field  of  vision. 
To  illustrate  this,  it  will  be  well  to  refer  to  fig.  433. 

The  angle  2;,  included  between  the  decussating  central  rays  of  two 
cones  of  light  issuing  from  different  points  of  an  object,  is  called  the 


Fig.  488. 

optical  angle — angulus  opticus  seu  msorius.  This  angle  becomes  larger, 
the  greater  the  distance  between  the  points  A  and  b;  and  since  the  augles 
X  and  y  are  equal,  the  distance  between  the  points  a  and  b  in  the  inuigo 
on  the  retina  increases  as  the  angle  becomes  larger.  Objects  at  different 
distances  from  the  eye,  but  having  the  same  optical  angle  x — for  exam- 
ple, the  objects,  r,  (/,  and  e, — must  also  throw  images  of  equal  size  upon 
the  retina;  and,  if  they  occupy  the  same  angle  of  the  field  of  vision, 
their  image  must  occupy  the  same  spot  in  the  retina. 

Nevertheless,  these  images  appear  to  the  mind  to  be  of  very  unequal 
size  when  the  ideas  of  distance  and  proximity  come  into  play;  for,  from 
the  image  a  Z>,  the  mind  forms  the  conception  of  a  visual  space  extend- 
ing to  By  dy  or  c,  and  of  an  object  of  the  size  which  that  represented  by 
the  image  on  the  retina  appears  to  have  when  viewed  close  to  the  eye,  or 
under  the  most  usual  circumstances. 

Estimation  of  Size. — Our  estimate  of  the  size  of  various  objects  is 
based  partly  on  the  visual  angle  under  which  tiiey  are  seen,  but  much 
more  on  the  estimate  we  form  of  their  distance.  Thus  a  lofty  aiountain 
many  miles  off  may  be  seen  under  the  same  visual  angle  as  a  small  hill 
near  at  hand,  but  we  infer  that  the  former  is  much  the  larger  object 
because  we  know  it  is  much  further  off  than  the  hill.  Our  estimate  of 
distance  is  often  erroneous,  and  consequently  the  estimate  of  size  also. 
Thus  persons  seen  walking  on  the  top  of  a  small  hill  again ts  a  clear 
twilight  sky  appear  unusually  large,  because  we  over-estimate  their  dis- 
tance, and  for  similar  reasons  most  objects  in  a  fog  appear  immensely 
magnified.  The  same  mental  process  gives  rise  to  the  idea  of  depth  in 
the  field  of  vision;  this  idea  being  fixed  in  our  mind  principally  by  the 
circumstance  that,  as  we  ourselves  move  forward,  different  images  in 
succession  become  depicted  on  our  retina,  so  that  we  seem  to  pass 
between  these  images,  which  to  the  mind  is  the  same  thing  as  passing 
between  the  objects  themselves. 
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'Hie  action  of  the  simim'  of  vision  in  relation  to  external  objecti 
tliurefore,  quite  dilTtTont  from  tlvat  of  the  sense  of  touch.  The  uhjei^Li 
of  the  latter  mnm  are  immediately  present  to  it;  and  our  own  body^  witli 
which  they  come  in  contact,  is  the  mea&nre  of  their  size.  The  part  of 
a  table  touched  by  the  hand  appears  as  larger  aa  the  part  of  the  hand 
receiving  an  impression  from  it,  for  a  part  of  our  body  in  which  a  aema- 
tion  IB  excited,  is  here  the  measure  by  which  we  judge  of  the  mii^itllde 
of  the  object*  In  tlie  sense  tif  vieioii,  oa  the  contrary,  the  images  of  olh 
jocts  are  mere  fractions  of  the  objects  themselYes  re^ilized  upon  the 
retina, the  extent  of  wb  ich  remains  constantly  the  same.  But  the  ima^na- 
tion,  whicli  analyzes  the  sensations  of  vision,  invests  the  imagt^  of  ob- 
jects, together  with  the  whole  tield  of  vision  in  the  retina,  with  ?ery 
varying  dimensions;  the  relative  size  of  the  image  in  proiiorlion  to  the 
whole  field  of  vision,  or  of  the  affected  parts  of  the  retina  to  the  whole 
retina,  alone  remaining  unaltered. 

Estimation  of  Direction,— The  direction  in  which  an  object  ii 
seen,  depentls  on  the  part  of  the  retina  which  receives  the  image,  and  on 
the  distance  of  this  part  from,  and  its  relation  to,  the  central  point  of 
the  retina.  Tlma,  objects  of  which  the  images  fall  uim>u  the  same  {»artj 
of  the  retina  lie  in  the  same  visual  direction;  and  when,  by  the  action 
of  the  mind,  the  images  or  affections  of  the  retina  are  projected  into  the 
exterior  world,  the  relation  of  the  images  to  each  other  remains  the 
same. 

Estimation  of  Form.— The  estimation  of  the  form  of  bodies  b? 
sight  is  the  resnlt  partly  of  the  mere  scnsj*tion,  and  portly  of  the  associ- 
ation of  ideas.  Since  the  form  of  the  images  perceived  by  the  retini 
depends  wholly  on  the  outline  of  the  x>a^  of  the  retina  affecte<l,  the  sen- 
satiou  alone  is  adequate  to  the  distinction  of  only  stiperficial  forms  of 
each  other,  as  of  a  square  from  a  circle.  Bnt  the  idea  of  a  aoKd 
body  as  S  sphere,  or  a  body  of  three  or  more  dimensions,  e^ff*^  a  cube, 
can  only  be  attained  by  the  action  of  the  mind  constructing  it  fr«>m  Ihe 
different  superficial  images  seen  in  different  positions  of  the  eye  with 
regard  to  the  object,  and,  as  shown  by  Wheatstone  and  ilhistrati^d  in  the 
siereoac&pe^  from  two  different  jierspective  projections  of  the  body  lieing 
present  simultiineously  to  the  mind  by  tlie  two  eyes.  Iletit«,  when,  in 
firlult  age,  sight  is  suddenly  restored  to  persons  blind  from  infantiy,  all 
objects  in  tlie  field  of  vision  appear  at  first  as  if  painted  flat  od  out 
surface;  and  no  idea  of  solidity  is  formed  until  after  long  exercist 
the  sense  of  vision  eombincfl  with  that  of  touch. 

The  clearness  with  which  an  object  is  perceived  irrespective  of  n^-c-^m- 
modation,  would  appear  to  dejiend  largely  on  the  number  of  nnis  ain^i 
oones  which  its  retinal  image  covers.  Henoe  the  nearer  an  object  is  (o 
the  eye  (within  moderate  limits)  the  more  clearly  are  all  its 
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acen.  MoreoTer,  if  we  want  c^irefully  to  examine  any  object,  we  always 
direct  the  eyes  straight  to  it,  so  that  its  image  sliall  fail  on  the  yelluw 
spot  where  an  image  of  a  given  area  will  cover  a  larger  number  of  cones 
than  anywhere  else  in  the  retina-  It  has  been  found  that  the  images  of 
two  points  must  be  at  least  'Aft  apart  on  the  yellow  spot  in  order  to  be 
distinguished  separately;  if  tlie  images  are  nearer  together,  the  points 
appear  as  one.  The  diameter  of  each  cone  in  this  part  of  the  retina  is 
about  3ft. 

Estimation  of  Movement.— We  jntlge  of  the  motion  of  an  object, 
ly  from  the  niMti uu  uf  its  image  over  the  siirfaee  of  the  retinji^  and 
pftTtly  from  the  motion  of  our  eyes  following  it.  If  the  image  upon  the 
retina  moves  while  our  eyea  and  our  Ixxh'  are  at  rest,  we  conclude  that 
the  object  is  changing  its  relative  p<:>eition  wifh  regard  to  onrsc^lves.  In 
such  a  case  tlie  movement  of  the  object  may  Ik5  apparent  only,  as  when 
we  are  standing  upon  a  bmly  which  is  in  motion,  such  as  a  ship.  If,  on 
the  other  hand,  the  image  (!f>e«  not  move  with  regard  to  the  retina,  but 
remains  fixed  upon  the  same  spot  of  that  membrane,  while  our  eyes  fol- 
low the  moving  body,  we  judge  of  the  motion  of  the  object  by  the  sensa- 
tinn  of  the  muscles  in  action  to  move  the  eye.  If  the  image  moves  over 
the  surface  of  the  retina  while  the  muscles  of  the  eye  are  acting  at  the 
same  time  in  a  manner  corresponding  to  this  motion,  as  in  reading,  wc 
infer  that  tlie  object  is  statiimary,  and  we  know  that  we  are  merely 
altering  the  relations  of  our  eyes  to  the  object.  Sometimes  the  object 
appears  to  move  when  both  object  and  eye  are  fixed,  as  in  vertigo. 

The  mind  can,  by  the  faculty  of  affviition^  concentrate  its  activity 
more  or  less  exclusively  upon  the  stmse  of  sights  hearing,  and  touch  alter- 
nately. When  exclusively  occupied  with  the  action  of  one  sense,  it  is 
scarcely  conscious  of  the  sensations  of  the  others.  The  mind,  when  deeply 
immersed  in  contemplations  of  another  nature,  is  inditTerent  to  tlie  ac- 
tions of  the  sense  of  sight,  as  of  every  other  sense.  Wo  often,  when 
deep  in  thought,  have  our  eyes  open  und  fixed,  but  sec  nothing,  iiccause 
of  the  stimulus  of  ordinary  light  being  unable  to  excite*  the  brain  to 
perception,  when  otherwise  engaged.  The  attention  which  is  thus 
neeesaary  for  vision,  is  necessary  also  to  analyze  what  the  field  of  vision 
presents.  The  mind  does  not  i>erceive  ail  the  objects  presented  by  the 
field  of  vision  at  the  same  time  with  equal  acuteness,  but  directs  itself 
first  to  one  and  theii  to  another.  The  sensation  becomes  more  intense, 
according  as  the  particnlar  object  is  at  the  time  tlie  principal  object  of 
mental  contcmplatiou.  Any  componnd  mathematical  figure  produces  a 
ditTerent  impression  according  m  the  attention  is  directed  exclusively  to 
one  or  the  other  part  of  it.  Tlius  in  fig.  433  a,  we  may  in  succession 
have  a  vivid  perception  of  the  whole,  or  of  distinct  part«  only;  of  the 
six  triangles  near  the  outer  circle,  of  thr  hexagon  in  the  middle,  of  the 
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thrt't*  large  triangles.  The  more  uumercms  and  varied  tlie  parts  of  wbi^ 
a  (Igiire  is  composed  the  raore  scopes  does  it  aiford  fur  the  play  of  the 
atteiitiou.     Hence  it  is  that  architectural  ornaments  have  an  enlivemng 
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effect  on  the  sense  of  vision,  since  they  afford  constantly  fresh  subject 

for  the  action  of  the  mind. 

Color  Sensations. — If  a  ray  of  snnlight  be  allowed  to  pasa  through 
a  prism,  it  is  decomposed  by  its  pai3sage  into  rays  of  diilerent  colurii, 
wliicii  are  called  the  colors  of  the  spectrum;  they  are  red,  orange,  yellow, 
grccH,  IjIuc,  intligo,  and  violet.     The  red  rays  are  the  least  turned  out  of 
tlieir  t'omse  hy  the  prism,  and  tlie  viulet  the  nH»3t,  while  the  other  eolons 
occupy  in  order  places  between  these  two  extremes.     The  differences  ia 
ilie  viAov  of  the  rays  dcpeml  upon  the  number  of  vibrations  pnKlucing  M 
eaeJi,  the  red  rays  Ix-iiig  the  least  rapid  and  the  violet  the  most,     hi  m 
addition  to  the  colored  rays  of  the  spectrum,  tliere  are  othera  which  are 
invisible,  hut  which  have  definite  properties,  those  to  the  left  of  there^l, 
aud  less  refrangible,  being  the  ealorillc  rays  which  act   upon   the  thor- 
mometer,  and  those  to  the  right  of  the  violet,  which  are  cidled  the  actiuic  ■ 
or  chemical  rays,  which  have  u  iH>werful  chemical  action.     The  raya  ^ 
wliich  can  be  perceived  by  the  brain,  i.e,^  the  colored  rays,  must  stimu- 
late the  retina  in  some  special  manner  in  order  that  colored  vision  may 
result,  and  two  chief  explanations  of  the  method  of  stimulation  have 
i)iivn  suggested, 

(1.)  The  one,  originated  by  Young  and  elaborated  by  Helmholtz,  holds 
that  there  are  three  primary  colors,  viz.,  red^  (jreen^  and  vinlH^  and  dmt 
in  the  retina  are  contained  rods  or  cones  which  answer  to  each  of  these 
primary  colors,  whereas  the  innumerable  intermediate  shades  of  color  are 
produced  by  stimulation  of  the  three  jiriniary  color  t^^rminals  in  different 
degrees,  the  sensation  of  white  beiug  produced  at  the  same  time  when 
the  three  elements  are  equally  excited.  Thus  if  the  retina  be  stimalated 
by  rays  of  certain  wave  length,  at  the  red  end  of  the  spet^trum,  the 
terminals  of  the  other  eolors,  green  and  violet,  are  hardly  stimulated  at 
all,  but  the  red  terminals  are  strongly  stimulated,  the  resulting  sensation 
being  red.  The  orange  ruj^s  excite  the  red  terminals  considerably,  the 
green  rather  more,  and  the  violet  slightly^  the  resulting  sensatiou  being 
that  of  orange,  and  so  on  (fig.  434). 

(%)  The  second  theory  of  color  (Hering's)  supposes  that  there  are  sii 
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primary  color  sensutions,  of  three  pair  of  antagonistic  or  complementul 
colors,  black  and  white,  red  and  green,  and  yellow  and  blue,  and  that 
these  are  {produced  by  the  changes  either  of  disintegration  or  of  assimu- 
iation  taking  place  in  certain  substances,  somewliat  it  may  he  snpposed  of 
the  nature  of  the  visual  purplo,  which  (the  theory  supposes  to)  exist  in 
the  retina.  Each  of  the  substances  corresponding  to  a  pair  of  colors, 
being  capable  of  undergoing  tw\i  changes,  one  of  construction  and  tlie 
other  of  disintegration,  with  the  result  of  producing  one  or  other  colon 
For  instance,  in  the  white-black  substance,  when  disintegration  is  in 
excess  of  construction  or  assimilation,  the  sensation  is  white,  and  when 
assimilation  is  in  excess  of  disintegration  the  reverse  is  the  case;  and 
similarly  with  the  rwl-green  substance,  and  with  the  yellow-blue  sub- 
stance.    When  the  repair  and  disintegration  are  erjual  with  the  first 


Fie.  434,— Diaprain  of  the  three  primary  color  Bensatlon.s.  (TouDg*H<*hijholtE  theorj-  >  1,  Is 
the  ml;  5f^  >rrt*tu  liud  S,  xioh*t,  jiriinary  color  senaaticmR.  The  lett*riu|?  indii^Ates  thi*  c:oh>ra  of 
the  apeetruEU.  The*  ^liai^mui  jiKllc4it«>»  by  the  hoii^ht  of  the  curv**  t'j  what  i»xteut  thi^?  ifheveral 
primturj  «eiisaiiMiis  of  culor  flit*  exelted  hy  vibrations  uf  dilTt^rent  witve  k'n^tlw. 

Fig.  435. — D'inijraiii  of  the  vivrloiig  HJnijih;  and  comiKKjnil  colors  of  liglit.  und  those  vrhh."]!i  are 
cocnpleiaM^utal  of  tiach  other^  i.e.,  wlileh,  when  iiiixt>d,  produce  &  Demtnil  ^riiy  tint.  The  thrtxi 
fdmple  L^lom,  ved^  yellow^  and  blue,  urn  plm^t^l  at  theaD^lt^  of  ati  equilateral  triangle^  which 
are  eonue^^-t^^d  together  hy  nieau»  of  a  circle r  the  rairt^d  colors,  f!T*?en,  omtige,  and  vip*k4,  arw 
plftc^vl  intermediate  Ijetween  the  eorreMiMjndhiK  simple  or  h(jtiM»^en»-H>yfl  colurn;  and  the  eoni- 
pleuient4il  colom,  r*f  which  the  pijrrnentH.  when  iiiixiHl,  wonldeonstityten  pray,  and  of  which  tb«* 
|*risiiiatlc  spfLra  would  toiri*ther  jhxmIuc**  awhile  li^ht^  will  lie  found  to  l>e  pltic^Ml  m  emch  c-oav 
oppoHitt*  to  eaji-'b  other,  )ini  t>»nn<'ete<l  hy  a  line  pa8«!iDji^  through  the  wntrc^  of  the  circle.  The  llg- 
ore  is  olsfj  iixeful  in  >i]i<ivviiii:  fhe  further  ^hade^  of  color  which  are  cmmpIerMentary  of  wien 
other.  If  the  circle  \f'  suj-fHPse^l  Ui  txmtaJTi  every  transition  of  cohir  lMHwe«*ii  the  nix  mark«*d 
down,  those  which,  wlirri  uiiiiitl,  yield  a  white  or  xray  color,  will  always  Im  found  directly  op- 
iMiHit*"  t**  «»ach  other ;  thoK.  for  cjtainple,  the  intermetliatc  tint  lK*twe>wa  of&ngti  and  red  Js  com- 
pleint^utal  of  the  tiitddlo  tint  iR^tween  gn?cii  and  blue. 

substance,  the  visual  sensation  is  gray;  hut  in  the  other  pairs  when  this 
is  the  ease,  no  sensation  occurs.  The  rays  of  the  siiectrum  to  the  left 
produce  changes  in  the  red-green  auhstanee  only,  with  a  resulting  sensa- 
tion of  red,  while  the  (orange)  rays  further  to  the  right  alTeet  both  the 
red -green  and  the  yellow-hluo  substances;  blue  rays  cause  constructive 
changes  in  the  yellow-blue  substances  but  none  in  the  red-green  and  so 
on.  These  changes  produced  in  tlie  visual  substances  in  the  retina  arc 
pereeivcd  by  tlie  brain  as  sensations  of  color. 

Tlie  sptictra  left  hy  the  images  of  white  or  luminous  objects  are 
o rd i  n ar i ly  wh i  te  or  hi m i nous ;  those  left  by  dark  oh jee ts  are  dark.  8<>me- 
tinies,  however,  the  relation  of  the  light  and  dark  parts  in  the  image 
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niuy,  unrler  certain  circa nistaBCcs,  be  reversed  in  the  speclrumTw] 
wad  bright  may  Ije  dark,  and  wliat  was  dark  maj  appear  light.  Thi* 
occurs  whenever  ihe  eye,  which  is  the  seat  of  thespectrain  of  a  laminous 
object,  is  not  closed,  hut  fixed  upon  another  bright  or  white  gtirface,  m 
a  white  wall,  or  a  sheet  of  wliite  pai>er.  llence  the  spectrnuiof  the  gun, 
which,  while  light  is  excluded  from  the  eye,  is  lomiuous,  appears  bUck 
or  gray  when  the  eye  is  directed  upon  a  white  surface.  The  explanaticiD 
of  this  is,  that  the  part  of  the  retina  which  lias  received  the  lumiDaoa 
imago  remaiiiH  for  a  certain  period  afterward  in  an  exhaasted  or  Icn 
sensitive  state,  while  tliat  which  lias  received  a  dark  image  is  in  jui 
unexhausted,  and  therefore  much  more  excittible  condition- 

The  ocular  spectra  which  remain  after  the  impression  of  colored  olh 
jecta  upon  the  retina  are  always  colored;  and  their  color  is  not  that  of 
the  objcet,  or  of  the  image  produced  directly  by  the  object,  but  the  opjKh 
site,  or  cmnplemeniai  color.  The  spectrum  of  a  re«i  object  is,  therefore, 
green  ;  that  of  a  green  object,  red  ;  that  of  violet,  yellow;  that  of  yellow, 
violet,  and  so  on.  The  reason  of  this  is  obvious.  The  part  of  the 
retina  which  receives,  say,  a  red  image,  is  wearied  by  that  pardoular 
color,  but  remains  sensitive  to  the  other  rays  which  with  red  make  np 
white  iiglit;  and,  therefore,  these  by  themselves  reflected  from  a  whito 
object  produce  a  green  hue.  If,  on  the  other  band,  the  first  abject 
looked  at  })e  green,  the  retina  being  tired  of  green  rays,  receives  a  rod 
inuigc  when  tbe  eye  is  tunicd  to  a  white- object.  And  so  with  the  otber 
colors;  the  retina  while  fatigued  by  yellow  rays  will  suppose  an  object  to 
be  violet,  and  vice  r*^rm:  the  size  and  shape  of  the  spectrum  corre^ponJ- 
ing  with  the  size  ajid  shape  of  the  original  object  looked  at.  The  colora 
which  thus  reciprocally  excite  eafdi  other  in  the  retina  are  those  placd 
at  opposite  points  of  tbe  circle  in  fig.  435.  The  peripheral  part^  of  tbe 
retina  do  not  react  to  rays  of  red.  The  area  of  the  retina  which  1$ 
capable  of  receiving  impressions  of  c/dor,  and  therefore  tJje  field  of 
vision,  is  slightly  difTerent  for  each  color. 

Color  Bliudncss  or  Dftlknnsm. — Daltonism  or  color-blindness  is  a  by 
no  means  uncommon  visual  defect.  On©  of  the  commoneet  forms  is  the 
inability  to  distinguish  between  vM  and  green-  Tbe  simplest  explatia- 
tion  of  such  a  c<jndition  is,  that  the  elements  of  the  retina  whichiTC^'cive 
the  impression  of  red,  etc.,  are  absent,  or  very  imperfectly  develope<l,  or, 
according  to  the  otlier  theory,  that  the  re<]-^reen  substance  is  ab«^Dt 
from  the  retina.  Other  varieties  of  color  blindness  in  which  the  other 
color-ijere-eiving  elements  are  absent  have  been  shown  to  exist  occasionally. 

The  Be€IPR0cal  Action  of  Different  Parts  of  the   Ketika. 

Although  each  elementary  part  of  the  retimi  repre^nts  a  distinct 
portion  of  the  field  of  vision,  yet  the  different  elementary  parts,  oraenai' 
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live  points  of  that  membrane,  have  a  certain  influence  on  each  other; 
the  particular  condition  of  one  influencing  the  other,  so  that  the  image 
perceived  by  one  part  is  modified  by  the  image  depicted  in  the  other. 
The  phenomena  which  result  from  this  relation  between  the  different 
parts  of  the  retina,  may  be  arranged  in  two  classes:  the  one  including 
those  where  the  condition  existing  in  the  greater  extent  of  the  retina  is 
im{«arted  to  the  remainder  of  that  membrane;  the  other,  consisting  of 
thos'«  in  which  the  condition  of  the  larger  portion  of  the  retina  excites, 
in  the  less  extensive  portion,  the  opposite  condition. 

1.  When  two  opposite  impressions  occur  in  contiguous  parts  of  an 
'image  on  the  retina,  the  one  impression  is,  under  certain  circumstances, 
modified  by  the  other.  If  the  impressions  occupy  each  one-half  of  the 
image,  this  does  not  take  place ;  for  in  that  case,  their  actions  are  equally 
balanced.  But  if  one  of  the  impressions  occupies  only  a  small  part  of 
the  retina,  and  the  other  the  greater  part  of  its  surface,  the  latter  may, 
if  long  continued,  extend  its  influence  over  the  whole  retina,  so  that 
the  opposite  less  extensive  impression  is  no  longer  perceived,  and  its 
place  becomes  occupied  by  the  same  sensation  as  the  rest  of  the  field  of 
vision.  Thus,  if  we  fix  the  eye  for  some  time  upon  a  strip  of  colored 
paper  lying  upon  a  white  surface,  the  image  of  the  colored  object,  espe- 
cially when  it  falls  on  the  lateral  parts  of  the  retina  will  gradually  dis- 
appear, and  the  white  surface  be  seen  in  its  place. 

2.  In  the  second  class  of  phenomena,  the  affection  of  one  part  of  the 
retina  influences  that  of  another  part,  not  in  such  a  manner  as  to  ob- 
literate it,  but  60  as  to  cause  it  to  become  the  contrast  or  opposite  of 
itself.  Thus  a  gray  spot  upon  a  white  ground  appears  darker  than  the 
same  tint  of  gray  would  do  if  it  alone  occupied  the  whole  field  of  vision, 
and  a  shadow  is  always  rendered  deeper  when  the  light  which  gives  rise  to 
it  becomes  more  intense,  owing  to  the  greater  contrast. 

The  former  phenomena  ensue  gradually,  and  only  after  the  images 
have  been  long  fixed  on  the  retina;  the  latter  are  instantaneous  in  their 
production,  and  are  permanent. 

In  the  same  way,  also,  colors  may  be  produced  by  contrast.  Thus,  a 
very  small  dull  gray  strip  of  paper,  lying  upon  an  extensive  surface  of 
any  bright  color,  does  not  appear  gray,  but  has  a  faint  tint  of  the  color 
which  is  the  complement  of  that  of  the  surrounding  surface.  A  strip 
of  ^ay  paper  upon  a  green  field,  for  example,  often  appears  to  have 
a  tint  of  red,  and  when  lying  upon  a  red  surface,  a  greenish  tint;  it  has 
an  orange-colored  tint  upon  a  bright  blue  surface,  and  a  bluish  tint 
upon  an  orange-colored  surface;  a  yellowish  color  upon  a  bright  violet, 
and  a  violet  tint  upon  a  bright  yellow  surface.  The  color  excited  thus,  as 
a  contrast  to  the  exciting  color,  being  wholly  independent  of  any  rays  of 
the  corresponding  color  acting  from  without  upon  the  retina,  must  arise  as 
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an  opposite  or  an tagonisUe  condition  of  that  mem brano;  andtlicopp 
conditions  of  which  the  retina  thus  becomes  the  subject  wotild.eeem  to 
bahiuce  each  other  by  their  reciprocal  reaction.  A  neceaaary  condition 
for  the  production  of  the  contrasted  colors  is,  that  the  part  of  the  retitui 
in  which  the  new  color  is  to  be  excited,  shall  be  in  a  state  of  compamtttu 
repose;  hence  the  small  object  itself  must  bo  gray.  A  second  condilion 
is,  that  the  color  of  the  surrounding  surface  shall  be  very  bright,  that  is, 
shall  contain  much  white  light. 


Binocular  Vision. 

Although  the  sense  of  sight  is  exercised  by  the  two  cye«,  yet  the  im- 
pression of  an  object  conveyed  to  the  mind  is  single.  Various  tbcorioi 
have  been  advanced  to  account  for  this  phenomenon. 

By  CJall  it  wiis  supposed  that  we  do  not  really  employ  both  eycii  li- 
multaneously  in  vision,  but  always  see  witli  only  one  at  a  tinn*.  This 
especial  employment  of  one  eye  in  vision  certainly  occurs  in  peraoiift 
whose  eyes  are  of  very  unequal  focal  distance,  but  in  the  miijoritT  of 
individuals  both  eyes  are  simultaneously  in  iw^tion,  in  the  per<3eption  cif 
the  Siinie  object;  this  is  shown  by  the  dtjuhle  imager  stH.*n  under  ctTUun 
conditions.  If  two  fingers  be  held  up  before  the  eyes,  one  in  front  of 
the  other,  and  vision  1k)  dircf^tt'd  to  the  more  distant,  so  that  it  is  seen 
singly,  the  nearer  will  apjiear  double;  while,  if  the  nearer  one  b© 
regarded,  the  most  distant  will  he  seen  double;  and  one  of  the  dotiUe 
images  in  each  case  w  ill  he  found  to  belong  to  one  eye,  the  other  to  the 
other  eye. 

Diplopia* — Single  vision  results  only  when  certain  parts  of  the  two 
retin®  are  affected  giinultaneously;  if  ditferent  parts  of  the  retinn*  rts 
oeive  the  image  of  the  object,  it  is  seen  double.  This  may  be  rv^adily 
illustrated  aa  follows: — the  eyes  are  fixed  upon  some  near  object,  and  one 
of  tlicnt  is  pres«e<l  by  the  thumb  si>  as  to  l)e  turned  slightly  in  or  owt;  two 
images  of  the  object  (Diplopia)  are  at  once  perceived,  just  as  is  frequently 
the  case  in  persijns  who  sfjuint  This  diplopia  is  due  to  the  fact  thai  the 
images  of  the  object  do  not  fall  on  corresponding  poinU  in  the  IWD 
retime. 

The  parts  of  the  retinse  in  the  two  eyes  which  thus  corresponil  Id 
cuch  other  in  tlio  property  of  referring  the  images  wliich  tiffoet  thrm 
•imultaneously  to  the  siinn  spo.  in  the  field  of  vision,  are,  in  man,  jnit 
thoee  piarts  which  would  correspond  to  each  other,  if  one  retina 
placed  exactly  in  front  of,  and  over  the  other  (as  in  fig.  430)*  Thos. 
aa  wo  have  noticed  in  spieaking  of  the  distribution  of  the  optic  nerr^- 
fibres,  the  tem{mral  portion  of  one  eye  corresponds  to,  or,  to  use  a  better 
term,  b  identiail  with  the  na^al  portion  of  the  other  eye;  or  a  of  thf 
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eye  a  (fig.  436),  with  a  of  the  eye  b.  The  upper  part  of  one  retina  is 
also  identical  with  the  upper  part  of  the  other;  and  the  lower  parts  of 
the  two  eyes  are  identical  with  each  other.  The  distribution  of  the  optic 
nerve-fibres  correspond  with  their  distribution.  The  identical  points  on 
the  upper  and  lower  parts  of  the  retinae  may  also  be  shown  by  the  fol- 
lowing simple  experiment. 

Pressure  upon  any  part  of  the  ball  of  the  eye,  so  as  to  affect  the  retina, 
produces  a  luminous  circle,  seen  at  the  opposite  side  of  the  field  of  vision 
to  that  on  which  the  pressure  is  made.  If,  now,  in  a  dark  room,  Ave 
press  with  the  finger  at  the  upper  part  of  one  eye,  and  at  the  lower  part 
of  the  other,  two  luminous  circles  are  seen,  one  above  the  other;  so, 
also,  two  figures  are  seen  when  pressure  is  made  simultaneously  on  the 
two  outer  or  the  two  inner  sides  of  both  eyes.  It  is  certain,  therefore, 
that  neither  the  upper  part  of  one  retina  and  the  lower  part  of  the  other 
are  identical,  nor  the  outer  lateral  parts  of  the  two  retinae,  nor  their 
inner  lateral  portions.     But  if  pressure  be  made  with  the  fingers   upon 


Fig.  486.— Diagram  to  show  the  correspooding  parts  of  both  retina. 

both  eyes  simultaneously  at  their  lower  part,  one  luminous  ring  is  seen 
at  the  middle  of  the  upper  part  of  the  field  of  vision;  if  the  pressure  be 
applied  to  the  upper  part  of  both  eyes  a  single  luminous  circle  is  seen  in 
the  middle  of  the  field  of  vision  below.  So,  also,  if  wo  press  upon  the 
outer  side  a  of  the  eye  A,  and  upon  the  inner  side  a!  of  the  eye  b,  a 
single  spectrum  is  produced,  and  is  apparent  at  the  extreme  right  of  the 
field  of  vision ;  if  upon  the  point  h  of  one  eye,  and  the  point  V  of  the 
other,  a  single  spectrum  is  seen  to  the  extreme  left. 

The  spheres  of  the  two  retinae  may,  therefore,  be  regarded  as  lying 
one  over  the  other,  as  in  c,  fig.  436;  so  that  the  left  portion  of  one  eye  lies 
over  the  identical  left  portion  of  the  other  eye,  the  right  portion  of  one 
eye  over  the  identical  right  portion  of  the  other  eye;  and  with  the 
upper  and  lower  portions  of  the  two  eyes,  a  lies  over  «',  h  over  y,  and  c 
over  c\  The  points  of  the  one  retina  intermediate  between  a  and  c  are 
again  identical  with  the  corresponding  points  of  the  other  retina  between 
a'  and  d ;  those  between  h  and  c  of  the  one  retina,  with  those  between  V 
and  c'  of  the  other.  If  the  axes  of  the  eyes,  A  and  b  (fig.  437),  be  so 
directed  that  they  meet  at  a,  an  object  at  a  will  be  seen  singly,  for  the 
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point  a  of  the  one  retina,  and  a'  of  the  other  are  identical.  So,  also,  if 
the  object  i9  be  so  situated  that  its  image  falls  in  both  eyes  at  the  same 
distance  from  the  central  point  of  the  retina, — namely,  at  b  in  the  one 
eye,  and  at  V  in  the  other, — p  will  be  seen  single,  for  it  affects  identical 
parts  of  the  two  retinas.     The  same  will  apply  to  the  object  y- 

In  quadrupeds,  the  relation  between  the  identical  and  non-idcutieal 
parts  of  the  retina  cannot  be  the  same  as  in  man;  for  the  axes  of  their 
eyes  generally  diverge,  and  can  never  be  made  to  meet  in  one  point  of 
an  object.  When  such  an  animal  regards  an  object  situated  directly  in 
front  of  it,  the  image  of  the  object  must  fall,  in  both  eyes,  on  the  outer 
portion  of  the  retime.  Thus  the  image  of  the  object  a  (tig.  4^)  will  fall 
at  a'  in  one,  and  at  a'  in  the  other:  and  these  points  a!  and  a'  must  be 
identical.     80,  also,  for  distinct  and  single  vision  of  objects,  b  or   c,  the 
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Y\K    4.ST.     Dia^ain  to  sliow  the  sliiiultaneous  action  of  tJie  ryes   in  viewinjr   objii*l.;  in   liif- 
ferent  diivctions. 

Fi>?.   WK.-  I>ia>a*a"i  to  show  the  corresiwndin^  partj}  of  the  retina  in  the  horse. 

points  b'  and  />'  or  r  c\  in  the  two  retinas  ^n  which  the  images  of  thc*se 
objects  fall,  must  Ix*  identical.  All  |>oints  of  the  retina  in  ejK'h  eye 
which  receive  rays  of  li^ht  from  lateral  objects  only,  can  have  no  corre- 
sjwndin^^  identical  points  in  the  retina  of  the  other  eye;  for  otherwiH- 
two  ol)jects,  one  situated  to  the  right  and  the  other  to  the  left,  would 
appear  to  lie  in  the  same  spot  of  the  field  of  vision.  It  is  prolKihle, 
therefore,  that  there  are  in  the  eyes  of  animals,  parts  of  the  n»tin:v 
which  are  identical,  and  parts  which  are  not  identical,  /.f».,  parts  in  one 
which  have  no  (corresponding  parts  in  the  other  eye.  And  the  relation 
of  the  two  retina*  to  each  other  in  the  field  of  vision  may  be  represonte*! 
as  in  liiT.    t*)*'. 

The  cause  of  the  inij)r(.'8sioiison  the  identical  p(dntsof  the  two  retina* 
giving  rise  to  hut  one  sensation,  and   the  perception  of  a  single  imagt*. 
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must  either  lie  in  the  stractural  organization  of  the  deeper  or  cere- 
bral portion  of  the  visual  apparatus,  or  be  the  result  of  a  mental  opera- 
tion ;  for  in  no  other  case  is  it  the  property  of  the  corresponding  nerves 
of  the  two  sides  of  the  body  to  refer  their  sensations  as  one  to  one  spot. 


Fig.  489. 

Many  attempts  have  been  made  to  explain  this  remarkable  relation 
between  the  eyes,  by  referring  it  to  anatomical  relation  between  the 
optic  nerves.  The  circumstance  of  the  inner  portion  of  the  fibres  of  the 
two  optic  nerves  decussating  at  the  commissure,  and  passing  to  the  eye 
of  the  opposite  side,  while  the  outer  portion  of  the  fibres  continue  their 
course  to  the  eye  of  the  same  side,  so  that  the  left  side  of  both  retinae  is 
formed  from  one  root  of  the  nerves,  and  the  right  side  of  both  retinae 
from  the  outer  root,  naturally  led  to  an  attempt  to  explain  the  phenomenon 
by  this  distribution  of  the  fibres  of  the  nerves.  And  this  explanation  is 
favored  by  cases  in  wiiich  the  entire  of  one  side  of  the  retina,  as  far  as 
the  central  point  in  both  eyes,  sometimes  becomes  insensible.  But 
MiUler  has  endeavored  to  show  the  inadequateness  of  this  theory  to  ex- 
plain the  phenomenon,  unless  it  be  supposed  that  each  fibre  in  each  cere- 
bral portion  of  the  optic  nerves  divides  in  the  optic  commissure  into  two 

ABC 


Fig.  440.— Diagrams  to  illustrate  three  theories  to  explain  the  action  of  symmetrical  parts  of 

the  retina. 

branches  for  the  identical  points  of  the  two  retinae,  as  is  shown  in  a, 
fig.  440.     But  there  is  no  foundation  for  such  supposition. 

By  another  theory  it  is  assumed  that  each  optic  nerve  contains  exactly 
the  same  number  of  fibres  as  the  other,  and  that  the  corresponding  fibres 
of  the  two  nerves  are  united  in  the  sensorium  (as  in  fig.  440,  b).  But 
in  this  theory  no  account  is  taken  of  the  partial  decussation  of  the  fibres 
of  the  nerves  in  the  optic  commissure. 
47 
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According  to  a  third  theory,  the  fibrea  n  and  a\  fig.  440,  c,  oomiiig 
from  identical  points  of  the  two  rt^tiua?,  are  ie  the  optie  comiiil«Rii« 
brought  into  otio  o|jtic  nerve,  and  in  the  brain  either  are  united  by  a 
loop,  or  spring  from  the  same  point.  The  same  digjKwltion  prevails  in 
the  case  of  the  identical  fibres  b  and  h\  According  to  this  theory,  the 
left  half  of  each  retina  would  be  repreacnted  in  the  left  hemisphere  of 
the  brain,  and  the  right  half  of  eaeh  retina  in  the  right  hemiiphere. 

Another  explanation  ii  foonded  on  the  fact,  that  at  the  anterior  put 
of  the  com  missy  re  of  the  optic  nerve,  certain  fibres  pasd  across  from  Ihd 
distal  portion  of  one  nerve  to  the  corresponding  portion  of  the  other 
nerves,  as  if  they  were  commiasund  fibres  forming  a  connection  between 
the  retina?  of  the  two  eyes.  It  is  supposed,  indeed,  that  theee  fibre«i  maj 
connect  the  corresponding  parts  of  the  two  retina*,  and  may  thus  explain 
their  iniity  of  action;  in  the  same  way  that  corresponding  parts  of  the 
cerebral  hemispheres  are  believed  to  be  connected  together  by  the  com- 
miasural  fibres  of  the  corpus  callosum,  and  so  enabled  to  exercise  unity  of 
function. 

Judgment  of  Solidity. — On  the  whole,  it  is  probable,  that  the  por» 
of  forming  a  single  idea  of  an  object  from  a  double  impressaion  oonreyed 


Fig.  iil.—DU^raiQB  to  lUufitrata  bow  a  judgment  of  a  figure  uf  tbree  dlmenaloDS  !■  ohtatspl 

by  it  to  the  eyes  ts  the  result  of  a  mental  act.  This  view  is  supparkni 
by  the  same  facts  as  those  employed  by  Wheatatone  to  show  that  thii 
power  is  subservient  to  the  purpose  of  obtaining  a  right  jHTceptioD  d 
bodies  raised  in  relief.  When  an  object  is  placed  so  near  the  eyes  thil 
to  view  it  the  optic  axes  must  converge,  a  different  perspective  projec- 
tion of  it  is  seen  by  each  eye,  these  i>ersjH*ctive3  being  more  dissimilar  ii  1 
the  t-onvergence  of  the  optic  axes  becomes  greater.  Thus,  if  any  figure  ' 
of  three dimenaionSf  an  outline  cube,  for  example,  beheld  at  a  modermti 
distance  before  the  eyes,  and  viewed  with  each  eye  successively  while  tilt 
head  ia  kept  jierfectly  steady,  a  (fig.  441)  will  be  the  picture  iircwntel 
to  the  right  eye,  and  B  that  seen  by  the  left  eye.  ^Vheatstone  baa  alwHri 
that  on  this  circnmstauce  depends  in  a  great  measure  oar  convif!tkii 
of  the  solidity  of  an  object,  or  of  it«  projection  in  relief.  If  dlffemt 
perspective  drawings  of  a  stolid  body,  one  representing  the  image  ieenk 
the  right  eye,  the  other  that  seen  by  the  left  (for  example,  the  dnwiif 
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of  a  cube,  a,  b,  fig.  441)  be  presented  to  corresponding  parts  of  the  two 
retinae,  as  may  be  readily  done  by  means  of  the  stereoscope,  the  mind 
will  perceive  not  merely  a  single  representation  of  the  object,  but  a  body 
projecting  in  relief,  the  exact  counterpart  of  that  from  which  the  draw- 
ings were  made. 

By  transposing  two  stereoscopic  pictures  a  reverse  effect  is  produced ; 
the  elevated  parts  appear  to  be  depressed,  and  vice  versd.  An  instru- 
ment contrived  with  this  purpose  is  termed  tk  pseudoscope.  Viewed  with 
this  instrument  a  bust  appears  as  a  hollow  mask,  and  as  may  readily  be 
imagined  the  effect  is  most  bewildering. 

There  can  be  no  doubt  in  order  that  the  image  of  an  object  should  fall 
upon  corresponding  points  in  the  two  retinae,  it  is  essential  that  the  move- 
ments of  the  eyes  should  be  accurately  co-ordinated,  and  the  method  of 
this  co-ordination  is  not  so  easily  understood  when  examined  carefully. 
Thus,  suppose  the  eyes  be  directed  downward  and  to  the  left.  On  the  left 
side,  the  inferior  rectus,  the  external  rectus,  and  the  superior  oblique 
would  contract,  and,  on  the  right  side  the  inferior  rectus,  internal  rectus, 
and  superior  oblique.  In  other  words,  a  different  set  of  muscles  on 
either  side,  and  supplied  to  a  certain  extent  by  different  nerves.  There 
must  be  some  co-ordinating  centre  for  these  binocular  movements.  It  is 
thought  that  this  centre  is  localized  in  the  auterior  corpus  quadrigemi- 
num,  since  stimulation  of  it  causes  conjugal  lateral  movement  of  the  visual 
axes  to  the  opposite  side,  and  stimulation  at  another  spot  produces  move- 
ments downward  and  inward.  The  posterior  longitudinal  bundle  of  fibres 
described  as  found  in  the  pons  and  crus,  appears  to  be  concerned  in  some 
way  with  the  simultaneous  movement  of  the  eyes ;  it  appears  to  unite  the 
nuclei  of  the  three  nerves  to  the  ocular  muscles,  the  sixth,  fourth,  and 
third.  In  it  are  said  to  be  contained  fibres  from  the  sixth  nerve  of  the 
opposite  side  which  go  to  the  nucleus  of  the  third  nerve  of  the  same  side; 
and  this  would  serve  to  connect  the  nerve  supply  of  the  internal  rectus 
of  one  side,  and  the  external  rectus  of  the  other  side.  It  appears,  how- 
ever, that  there  is  no  evidence  to  assume  that  the  fibres  of  the  sixth 
nerve  decussate,  but  those  of  the  fourth  nerve  do  entirely,  and  those  of 
the  third,  partially. 


AFTER  XTITL 

THE    REPRODUCTIVE    ORGANS. 

Before  describing  the  method  of  fieproduction,  orthe  way  which  the 

gpeciea  is  propagated,  it  will  be  lulvijsahle  to  descriljc 

The  Genital  Oboaks  of  the  Female.  " 

The  female  organs  of  generation  (fig,  442)  consist  of  two  ovaries^  tb«j 
function  of  which  is  the  formatioa   of  otHi;  of  a  Fallopian  tnhe^ 
oimiiuiy  connected  with  eaub  ovary,  for  the  piiri>oee  of  conducting  tbt] 
ovum  frooa  the  ovary  to  the  uterus  in  the  cavity  of  which,  if  iiii(«reg« 
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uleruH  i 

FallopiAii  t 

meut  removed  on  tbe  left  »ide;  w,  Un*  upper  i  — - — -,  ~  -^ ^^ — 

tcrnum;  the  trijuiiTulAr  Ahafx*  of  tht*  ut^TUu'  rtivttv  inmbown,  uid  tbe  dllAUitlou  <>t  tlw*  ^^tirrlal 
cavity  with  tin?  ruj^i»  t*=irnied  aHKir  vlf  ■  .^r  pMt  of  Uia  v«|^iia;  oil,  T*  -lit  of 

ovJdurt;  the  narrow  ^^3nimim)«*ation  M  vith  that  of  the  comu  of  tb^  **A 

iide  is  seen:  h  rtnmd  Upirm-nt;  /*>,  IlgHn  "  orary;  ©,  oirarj;  i,  wide  ♦'*!        i  .f  lh» 

right  F&lloplan  tiih<*;  /T,  iu  fLnibriat«*d  I'xtrviulij  ;  po,  pamaritmi ;  K,  one  of  the  I^^iiaUiSs  tf^ 
quf'Dtly  foimd  coDDccted  with  Che  broud  nfcameot.    \^     (AiloD  Thonuan,) 

nated,  it  m  retainml  until  the  embryo  is  fully  deY6loped«  anrl  fitted  la 
maintain  its  existence  independently  of  internal  connection  with  tli« 
parent;  and»  bisfly,  of  u  canal,  or  va^inn,  with  it«  appendiigi'ift,  for  Iht 
reception  of  a  male  organ  iu  the  act  of  copulation,  and  fur  the  ^bee<qQffit 
discharge  of  the  fietua. 

The  Ovaries. — Tlie  ovarieaare  two  oval  pompresBed  bodies,  sititftlad 
in  the  cavity  of  the  ]yehh,  one  on  each  side,  and  are  adhei^nt  to  tfie 
poeterior  lurface  of  the  broad  ligament  by  their  anterior  border.     Thii 
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border  of  the  ovary  is  caUed  the  hilum,  and  it  is  iit  this  point  that  the 
blood- vessels  and  nerves  enter  it.  Each  ovary  meafinres  about  an  inch 
and  a  half  in  length  (3,75  cm.),  three  qiiartrers  of  an  inch  in  width 
(1.86  cm.),  and  nearly  half  an  inch  (1.25  cm.)  in  thickness,  and  is 
attached  to  the  n terns  by  a  narrow  fibrons  cord  {the  ligament  of  the 
ovar}'),  and,  more  gligbtly,  to  the  Fallopian  tuhes,  by  one  of  the  fimbriae 
into  which  the  walls  of  the  extremity  of  the  tube  expand. 

Structure, — A  layer  of  condensed  connective  tiasae,  called  the  tunica 
alhitgineu,  surrounds  the  ovary,  and  this  is  covered  on  the  outside  by  epi- 
thelium (germ-epithelium),  the  cells  of  which  although  continuous  with. 


\ 


X. 


FIr.  448.— View  of  a  section  of  the  ovary  of  th^  eat.  1.  outer  ocrrarflnir  and  fr^«  border  of 
tbe  ovary;  \\  Attoebetl  border:  *l.  the  ovarian  stroma,  prcsentiajc  A  flbfotui  and  vaacnilw  Mtruct* 
UTp;  S,  |innBii.tiular  subHtaDce  lylni?  es:ti*nial  to  the  fibrous  atromn;  4,  blood ^resselft;  6.  ovi^rma  in 
their  earliest  Bta^c^  oivupyin^  a  part  of  thv  lOH'Oiilar  likver  nt-ar  thi*  surfm^e;  fi,  OTtgannfl  witlcb 
have  be^m  to  t^tilotrpei  and  to  paiw  more  dwpJy  into  t!hp  ovary:  7,  oriKernju  round  wliJch  the 
Ura&fiaa  fonicle  luid,  tuuka  iirranuloKa  arf  imtv  frvrTTitil,  ririfl  which  ha^e  passed  somewhat  deeper 
into  Ibe  ovary  and  itre  Knirrounded  iv  rfi-  fihr,  .i^  -nif  ,.i:  K  more  twlvancwl  Oroaflan  folbele 
with  the  OTum  Imbedded  iu  the  layer  ■  1  <  ■  11^  ii-f  ferur nu'  the  proliKeroya  disc-  9.  the  most  ad- 
▼lanced  follicle  contain  I  njc  the  ovum.  etv.  ;  u  ,  a  lollale  from  which  the  ovum  has  nocideDtallj 
«acaped;  10,  corpus  luteum.     x  ^    Cdclir5n.j 

and  originally  derived  from,  the  squamous  epithelinm  of  the  peritoneum, 
ore  short  columnar  (A,  fig.  444). 

The  internal  etructure  of  the  organ  confiists  of  a  peculiar  soft  fibroiia 
tissue — a  kind  of  undeveloped  connective  tissue,  with  long  nuclei 
closely  resembling  unstripod  muscle  (C,  fig. 444) — or  strfma^  abundantly 
supplied  with  blood-vessels,  and  having  embedded  in  it, in  various  stages 
of  development,  numerous  minute  foUicle«  or  vesicles,  the  Graafian 
follicles,  or  saecuH,  containing  ih^  ova  (fig,  444). 

If  the  ovary  be  examined  at  any  period  between  early  infancy  and 
advanced  age,  but  especially  during  that  period  of  life  in  which  the 
power  of  conception  exists,  it  will  be  found  to  contain  a  number  of 
these  vesicles.  Immediately  after  the  tunica  albuginea  (fig.  444)  they 
are  small  and  numerous,  either  arranged  as  a  con tinuons layer,  as  in  the 
cat  or  rabbit,  or  in  groups,  as  in  the  human  ovary.     These  small  follicles 
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embedded  in  the  aoft  stronia  of  fine  connective  tissue  and  uustnpe*! 
muscle  form  here  the  cortical  layer;  they  are  sometimee  called  ovi^a^A. 

Each  of  the  small  follicles  of  this  layer  has  an  external  membranoui  I 
envelope,  or  membraiia propria.     This  envelopf^  '•!    tunic  U  lined  witbij 

^ '•'■"""  ■■  '-  '■   '  '--■^-:^'  j 


'  ai*  ; 


Vlf;.  444,— Section  of  the  ovarv  of  a  cat.  A,  germinal  epithelium;  B,  immature  GrMHu 
follicle;  O,  sCmina  of  ovary;  D.  vfu-lUtie  metttbriiDe  entitalDiDf?  the  oviim;  E,  Graaflan  fol4id« 
sbovirlDif  lining  cells;  F,  foUicle  from  which  the  ovum  hm  fallen  out.     CV.  D.  Hattib,) 

layer  of  nucleated  cells,  forming  a  kind  of  epithelium  or  internal  tunic^ 
and  named  the  mmnbrana  grauuhga.  The  cavity  of  the  follicle  is  tilled 
up  by  a  nucleated  mass  of  protoplasm  inclosed  in  a  very  delicate  mem* 
brane,  which  is  the  Ovum*  The  large  spherical  nucleus  contains  on« 
or  more  nucleoli.  The  nucleus  is  known  as  the  ^«*rmt»fl/  vesicU^  hui 
the  nucleolus  as  the  germinal  ^ptti. 

The  central  portion  of  the  stroma  of  the  ovary  extends  from  the  cor- 
tical layer  to  the  hilum  of  thu  organ,  at  which  enter  the  naraeroni 
arteries,  fibrous  tissue,  and  unstriped  muscle,  forming  a  highly  va^iilar 
zona  vasculosa.      Within  this  central  zone  are  contained  the  fully-devel* 
oped  Graafian  follicles,  varying  in  size  however,  but  considerably  larger^ 
than  those  of  the  cortical  layer.     In   these  follicles  tht^  cavity  is  not? 
nearly  filled  by  the  ovum,  which  is  attached  at  one  side  to   the  xoua 
granulosa  by  a  collection  of   email  cells,    the    discus   proligents^   th»^ 
remainder  of  the  cavity  being  filled  with  fluid,  the  liquor  foUictiU,     T! 
envelope  of  the  ovum,  or  zona  peUueida,  is  much   thicker.     The  zam 
gramilosa  is  formed  of  several  layers  of  cells,  ini^tead  of  one  only,     1 
membranft  propria  is  much  thii^ker,  so  aa  to  form  a  distinct  fibrous  i 
vestment;  the  membrana  fibrosa  and  the  blood-vessels  surrounding  it  aw 
numerous,  and  may  be  said  to  form  a  membrana  tya^cnlosa  about  it* 

The  human  ovum  measures  alxjot  j^  of  an  inch  (about  .2  mm.)  in 
diameter.     Its  external  investment,  or  the  zona  peUucida,   or  viiellim 


THE  REPRODrCTTTE  OHOAN8. 


731 


fi€7nbrane,  is  a  transparent  iiiembraue,  about  yt¥S  ^^  **^  ^^^^  (^^fA  i^ 
^thioknegs,  whinh  under  the  mierosoopic  appears  as  a  bright  ring  (%, 
445)«  hounded  externally  and  iiiteriudly  by  a  dark  outline.  Within  this 
transparent  investment  or  zona  pellut-ida,  and  usually  in  close  contact 
with  it^  lies  the  ^fctfk  nr  vitellua^  which  is  composed  of  granules  and  glob- 
alea  of  various  sizes,  imbedded  in  a  more  or  less  fluid  substance.  The 
smaller  graaules,  which  are  the  more  numerous,  resemble  in  their  appear- 
ance, aa  well  as  their  constant  motion,  pigment-granules.  The  larger 
granules  or  globulesj  which  have  the  aspect  of  fat-globules,  are  in 
greatest  number  at  the  periphery  of  the  yolk.  The  number  of  the  gran- 
ules is  greatest  in  the  ova  of  carnivoroHS  animals.  In  the  human  ovum 
their  quantity  is  comparatively  small* 

In  the  substance  of  the  yolk  is  imbedded  the  germmal  vesick,  or  vea- 
icula  germiuativa,  -j^  of  an  inch  (.05  mnu)  (fig.  445),  Tlie  vesicle  ia  of 
greatest  relative  size  in  the  smallest  ova^  and  is  in  them  surrounded 
closely  by  the  yolk,  nearly  in  the  centre  of  which  it  lies.  During  the 
development  of  the  ovum,  the  germinal  vesicle  increases  in  size  much  less 
rapidly  than  the  yolk,  and  comes  to  l>o  jylaced  near  to  its  surface.  It 
consists  of  a  fine,  transparent,  structureless  membrane,  containing  a  clear, 
watery  fluid,  in  which  are  sometimes  a  few  granules;  and  at  that  part  of 
the  periphery  of  the  germinal  vesicle  which  is  nearest  to  the  periphery  of 
the  yolk  is  situated  the  germhmi  spoi^  or  macula  germinativa,  of  a  finely 


Kueleuja  or  g^rtninal  vesicle, 
^  Nucleolus  or  germin&l  spot. 

Space  left  by  Fetimctlon  of 
yoik. 

Yolk  or  TiteUna 


VltetUne  membraae. 


Tig.  445. — Seniidlsji^ammatlc  reTMneaeDtion  of  a  hiinmn  oTum,  aJbowInif  the  puts  of  on  ftolmftl 

ceU.    (Ciidiat.) 

granulated  appearance  and  of  a  yellowish  color,  strongly  refracting  the 
rays  of  light. 

Such  are  the  parts  of  which  the  Graafian  follicle  and  its  contents, 
inclutling  the  ovum,  are  composed.  With  regard  to  the  mode  and  order 
of  development  of  these  parts  there  is  considerable  uncertainty. 

The  Graafian  follicles  are  formed  iti  the  following  manner:— The  em- 
brvonic  ovary  is  covered  with  short  col nm oar  cells,  or  the  so-called  germ- 
inal epithelium.  The  cells  of  this  layer  undergo  proliferation,  so  as  to 
form  several  strata^  and  grow  into  the  ovarian  stroma  as  longer  or  shorter 
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columns  or  tubes.  By  il egreea  these  tubes  be<jonjo  cut  off  from  the  pnrftice 
epithelium^  and  form  cell  neats,  Bmull,  if  near  the  surface,  larger  if  in 
the  depth  of  the  siromLi.  The  nests  increase  in  size  from  multiplication 
of  their  cells,  luid  may  even  give  off  new  nests  laterally  by  constriction  of 
them  in  various  direetions.  Certain  of  tlie  cells  of  the  germiiuU 
epithelium  enlarge,  and  form  ova;  and  the  formation  of  ova  aim  takei 
place  in  the  nests  within  Hie  stroma.  The  ova  of  a  nest  may  multiply 
by  division.  The  small  cells  of  a  nest  surround  the  ova,  and  form  their 
mem brana  granulosa,  and  the  stroma  growing  up  separates  the  surroanded 
ova  into  so  many  (rraatian  follicles.  The  other  layers,  namely^  the  ment* 
brana  fibrosa  and  the  niembrana  vasculosa,  are  derived  from  the  stromm. 

The  smallest  follicles  are  formed  at  the  surface,  and  makeup  the  c^or- 
tical  layer.  It  is  said  l>y  some  that  the  superficial  follicles  as  the?  ripen 
become  more  deeply  placed  in  the  ovarian  stroma;  and,  again,  that  as 
they  increase  in  size,  they  make  their  way  toward  the  surface  (fig.  443). 

When  mature,  they  form  little  prominences  on  the  exterior  of  tbn 
ovary,  covered  only  by  a  thin  layer  of  condensed  fibrous  tissue  and  epith^ 
lium.     Only  a  few  follicles  ever  reach  matnrity. 

From  the  earliest  infancy,  and  through  the  whole  fruitful  period  of 
life,  there  appears  to  be  a  constant  formation,  development,  and  matura- 
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FIf:  418^— <}ermliMd  eptUieUuin  of  the  tmrface  of  the  OTary  of  flv«  dttjt* 

blAsU;  6,  larger  ovoblwta.    CCaMli*t.) 


chicle. 


tion  of  Graafian  vesicles,  with  their  contained  ova.  Until  the  period  of 
puberty,  however,  the  process  is  comparatively  inactive;  for»  prerioui  to 
this  period,  the  ovaries  are  small  and  pale,  the  Graafian  vesiol«8  in  tbeai 
are  very  minute,  and  probably  never  attain  full  development,  batiooii 
shrivel  and  disap}>ear,  instead  of  bursting,  as  matureii  tollidoi  do; 
the  contained  ova  are  also  incapable  of  being  impregnated.  But^  ooio- 
oident  with  the  other  changes  which  occur  in  the  botly  at  the  time  of 
puller ty»  the  ovaries  enlarge,  and  become  very  vascular,  the  forinattoa 
of  Graafian  vesicles  is  more  abundant,  the  size  and  degree  of  developausat 
attained  by  them  are  greater,  and  the  ova  are  capable  of  being  ttoan* 
dated. 

The  Fallopian  Tubes  {Oriducts).—Tke  Fallopian  tubes  ar«  abont 
four  iacbea  in  length  (10  cm,),  and  extend  between  the  ovartae  and  lbs 


^ 


tipper  angles  of  the  uterus.     At  the  point  of  attacliment  to  the  uteruB^ 
each  tube  m  very  nar/ow;  but  in  its  course  to  the  ovary  it  increases  to 
about  an  eighth  of  an  inch  (3  nmh)  in  thickness;  at  ita  iJistal  extremity, 
which  is  free  and  floating,  it  bears  a  number  of  fimbriw^  one  of  which,    fl 
longer  than  the  rest,  is  attached  to  the  ovary.     The  canal  by  which  each    " 
tube  is  traversed  is  narrow,  especially  at  its  point  of  entrance  into  the 
uterus,  at  which  it  will  scarcely  admit  a  bristle;  its  other  extremity  is  fl 
wider,  and  opens  into  the  cavity  of  the  abdomen,  surrounded  bj  the  zone   * 
of  finibriie.     Externally,  the  Fallopian  tube  is  invested  witb  peritoneum; 
internally,  its  canal  is  lined  with  mucous  membrane,  which  is  apt  to  bo 
thrown  into  numerous  longitudinal  folds,  covered  with  ciliated  epithe- 
lium:  between  the  peritoneal  and  mucous  coats  the  walls  are  composed, 
like  those  of  the  uterus,  of  fibrous  tissue  and  unatriped  muscular  fibros, 
chiefly  circular  in  arrangement. 

The  Uterus, — Tlie  uterus  (?*.  r,  tig.  442)  is  a  somewhat  pyriform 
ahajied  organ,  and  in  the  nnimpregnated  state  is  about  three  inches  (7,5 
cm.)  in  lenglli,  two  {5  cm.)  in  breadth  at  its  upper  part  or  futuhis,  but  at    h 
its  lower  pointed  jiart,  m'i:k  or  cervir^  only  about  half  an  inch  (L25  cm,).    | 
The   part   l>etween    the  fundus  and  neck  is  termed  the  bod^    of  the 
uterus:  it  is  about  an  inch  (2.5  cm.)  in  thickness, 

6tniclure.— The  uterus  is  constructed  of  three  principal  layers,  or 
coats — serous,  fibrous  and  muscular,  and  mucous,  (a)  The  serous  coat, 
which  has  the  siime  general  structnre  as  the  peritoneum,  covers  the 
organ  before  and  behind,  but  is  absent  from  the  front  surface  of  the 
neck,  {b)  The  midflk  coat  is  composed  of  unstriped  muscle,  arranged 
in  the  human  titerus  in  three  layers  from  without  inward,  longitudinal, 
circular,  oblique  and  circular.  They  become  enormously  developed  dur- 
ing pregnancy.  The  arteries  and  veins  are  fonnd  in  large  numbers  in 
the  outer  part  of  their  coat,  so  as  to  form  almost  a  special  vascular  coat, 
(c)  The  miictius  membrane  of  the  uterus  is  lined  by  columnar  ciliated 
epithelium,  which  extends  also  to  the  interior  of  the  tubular  glands,  of 
which  the  mucous  membrane  is  largely  made  up. 

In  the  cervix  uteri  the  mucous  menibraue  is  arranged  in  permanent 
lon^tndinuX  iokh,  pahfw  jdiratm.  The  glands  of  this  part  are  of  the 
tuhulo' racemose  type,  branching  repeatedly  and  extending  deeply  into 
the  substance  of  the  cervix.  They  are  lined  by  columnar  epithelium, 
and  open  on  the  ridges  and  furrows  of  the  mucous  membrane.  They 
secrete  a  thick  glairy  mucus,  resembling  unboiled  white  of  egg. 

The  mucous  membrane  of  the  cavity  of  the  body  of  the  utenis 
forms  a  thin  membrane  about  4^  inch  {1  mm,)  thick,  and  is  covered  on  its 
surface  by  columnar  ciliated  epithelium.  Imbedded  in  its  sul>8tance  are 
numerous  simple  tubular  glands  set  somewhat  obliquely  and  lined  with 
eolnmnar  ciliated  epithelium,      These  glands  often   bifurcate  at  their 
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lower  ends.  The  glands  are  imbedded  in  a  delicate  connective  tiasne, 
consisting  of  round  and  spindle-shaped  cells. 

The  cavity  of  the  uterus  corresponds  in  form  to  that  of  the  organ 
itself:  it  is  very  small  in  the  unimpregnated  state,  the  sides  of  its  mucoiu 
surface  being  almost  in  contact.  Into  its  upper  part,  at  each  side,  open 
the  canal  of  the  corresponding  Fallopian  tube:  below,  it  conununicates 
with  the  vagina  by  a  fissure-like  opening  in  its  neck,  the  os  uteris  the 
margins  ^t  which  are  distinguished  into  two  lips,  an  anterior  and  pos- 
terior. 

The  Vagina  is  a  membranous  canal,  five  or  six  inches  (12.5  to  15 
cm.)  long,  extending  obliquely  downward  and  forward  from  the  neck 
of  the  uterus,  which  it  embraces,  to  the  external  organs  of  generation. 
It  is  lined  with  mucous  membrane,  covered  with  stratified  squamouB 
epithelium,  which  in  the  ordinary  contracted  state  of  the  canal  is  thrown 
into  transverse  folds.  External  to  the  mucous  membrane  the  walls  of 
the  vagina  are  constructed  of  unstriped  muscle  and  fibrons  tiasne, 
within  which  in  the  submucosa,  especially  around  the  lower  part  of  the 
tube,  is  a  layer  of  erectile  tissue.  This  exists  also  in  the  mucosa.  The 
lower  extremity  of  the  vagina  is  embraced  by  an  orbicular  muscle,  the 
sphincter  vagitm;  its  external  orifice,  in  the  virgin,  is  partially  closed  by 
a  fold  or  ring  of  mucous  membrane,  termed  the  hymen.  The  external 
organs  of  generation  consist  of  the  clitoris^  a  small  elongated  body, 
situated  above  and  in  the  middle  line,  and  constructed  of  two  erectile 
masses  or  corpora  cavernosa.  They  are  not  perforated  by  the  urethra; 
of  two  folds  of  mucous  membrane,  termed  labia  interna^  or  7iymph€B;  and, 
in  front  of  these, of  two  other  folds,  the  labia  exterfia^  or  pudenda^  formed 
of  the  external  integument,  and  lined  internally  by  mucous  membrane. 
Between  the  nymphae  and  beneath  the  clitoris  is  an  angula  space,  termed 
the  vestibule,  at  the  centre  of  whose  base  is  the  orifice  of  the  meatvi 
ttrinarins.  Numerous  mucous  follicles  are  scattered  beneath  the  mucons 
membrane  composing  these  parts  of  the  external  organs  of  generation; 
and  at  the  side  of  the  lower  part  of  the  vagina  are  two  larger  lobulated 
glands,  vulvo- vaginal  or  Duverney's  glands,  which  are  analogous  to  Cow- 
per's  glands  in  the  male.  The  ducts  of  these  glands  are  about  \  inch 
(12.5  mm.)  long  and  open  immediately  external  to  the  hymen  at  the 
mid-point  of  the  lateral  wall  of  the  vaginal  orifice.  The  vulvo-vaginal 
glands  secrete  a  thick  brownish  mucus. 

The  Genital  Organs  of  the  Male. 

The  male  organs  of  generation  comprise  the  two  Testes^  in  which 
the  semen  is  formed ;  each  with  a  duct,  the  Vas  Deferens^  and  accessory 
Vmcula  SemifuiUs;  the  Penis^  an  erectile  organ,   through  which  the 


semen  as  well  as  the  urine  ia  discharged.  The  Prostate  qlandy  tlie 
exact  function  of  which  is  not  understood,  is  generally  included  in  the 
same  class. 

The  Testes.— The  secreting  structure  of  the  testicle  and  its  duct 
are  disposed  of  in  two  contiguous,  parts  (1)  the  body  of  the  testicle  proper, 
inclosed  within  a  thick  and  tough  white  fibrous  membrane,  the  tunica 
albntjhim^  on  the  outer  surface  of  which  is  the  serons  covering  formed  by 
the  tunif'it  vrnfinali^^  iind  (2)  the  epididtjmis  and  vas  deferens. 

The  Vas  deferens,  or  duct  of  the  testicle,  wliich  ia  about  two  feet 
(60  cm,)  in  length,  ia  constructed  externally  of  ctnnective  tissue^and 
internally  ia  lined  by  a  mucous  membrane,  covered  with  columnar  epithe- 
Hum  ;  while  between  these  two  coat^  is  a  middle  coat,  very  lirm  and  tough, 
made  up  of  unstriped  muscle,  chiefly  arranged  longitudinally,  bat  also 
containing  some  circular  fibres.  When  followed  back  to  its  origin,  the 
vas  deferens  ia  found  to  pass  to  the  lower  part  of  the  epididymis^  with 
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fig.  447. 


Flff.  44a 


Fif?.  447.— Plan  of  a  vi?rtical  section  of  t*«©  tcsttclp,  showinK:  tbi?  RrraDgemeDt  of  the  dticta. 
The  true  leuKtl^  ai'l  diameter  of  the  iluete  tiAve  beeo  dlMiTKH^'ii^'     «  c*,  tubuU  Kt*miiiiferl  cofl(3d 
up  in  tht»  separata  lotitw;  />,  tubuli  recti  or  ^ 
in  tbp  ci^ni  vnat-'ulusi ;  /»  e,  ^,  convoluted  f^— 
thf?  hacic  part  of  tbe  tunica  albugin 
diostfDum. 

Fi(f.  448.— StH-tioti  of  tbe  epIdidjrniH  of  a  doff.— Tiie  tube  is  cut  in  eeveral  pli&ees,  both  1 

verselv  and  obliquely;  it  ta  seeti  to  be  Lined  by  a  ciliated  epltlielium,  tbe  nuclei  of  which  aro 
«t!U  shown.    €,  conui?ctlve  tissue.     CSchofield.) 


iiucifi  iinTie  i]««n  uiKref^HbrirxiHi .  a  a,  toduji  Keniiimeri  coijlhi 
ecti  or  vafla  recta;  t,  n?t«  t*wti»;  d,  rasa  efferentla  ending 
ited  canal  of  the  epidldymta;  A,  vaa  deferena;  f,  aectiofi  of 
%l  f,  t,  llbrouji  proci?8se8  running  between  tbe  fobee;  #.  me- 


which  it  is  directly  continuous  (fig.  447) ,  and  assume&  there  a  much  smaller 
diameter  with  an  exceedingly  tortuous  course. 

The  Epididymis^  which  is  lined,  except  at  its  lowest  part,  by  co- 
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Ijtmnar  ciliated  epithelium  (fig,  447),  ia  commonly  described  bb  cott- 
fiisting  {fig,  447)  of  nfflobus  minor  (ff)^  the  bodt/  (cj^and  the  fflol^us  mejw 
(I)  When  unravelled  it  is  found  to  be  constructed  of  a  single  tube,  man- 
uring about  twenty  feet  in  length. 

At  the  globus  major  this  duct  divides  into  ten  or  twelve  gmill 
brunches,  the  convohitions  of  which  form  coniform  maggie^  named  Cmi 
vascuiasi;  and  theducta  continued  from  these,  the  V(i»a  efferent ia,  after 
anastomosing,  one  with  another  in  what  is  called  the  JMf  /<w/m,  laid 
finally  as  tlie  Tubuli  recti  or  Vam  recta  to  the  seminal  tubules  (iubuU 
smniniferi)^  which  form  the  proper  euhetauce  of  the  testicle.  The 
epithelium  lining  the  coni  vasculosi  and  rasa  efferentia  is  columnar  and 
ciliated;  that  of  the  rete  testis  is  squamous. 

The  seminal  tubules  are  arranged  in  lobules,  separated  from  out 
another  by  incomplete  fibrous  septa  or  cords,  which  pass  from  the  front 
of  the  tunica  albugiuea  internally  to  a  firm  incomplete  vertical  septxun 
of  thick  extending  fibrous  tissue  at  the  posterior  border,  from  the  upper 
to  near  the  lower  [mrt,  called  the  corpus  Highmori^  or  meduisimum 
testis.  Through  this  very  firm  fibrous  tissue  pass  the  seminal  toliea  from 
thevasa  recta.  The  tunica  albuginea  is  covered  by  a  very  fine  pleiufl  of 
blood-vessels  internally,  derived  from  the  spermatic  vessela*  The  fibrom 
cords  which  may  contain  unstriped  muscle  are  also  covered  with  a  similar 
capillary  plexus. 

Tiibuli  Smniniferi, — The  seminal  tubes,  which  compose  the  paren- 
chyma of  the  testicle,  are  loosely  arranged  in  lobules  between  the  connec- 
tive tissue  septa. 

They  are  relatively  large,  very  wavy,  and  much  convoluted;  and 
they  poesesB  a  few  lateral  branches,  by  which  they  become  connected 
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^ISVvfJSin^'^  *  ■eptloo  of  the  te€tls  of  do^,  abowijiir  portions  af  seminal  tube*.     A,  semi- 


niil  ^JfiVklfin^^  *  ■wytloo  of  the  te€tls  of  do^,  «bQwJjiir  portions  af  seminal  tu>^- .  _  -^_ 
^ei?)    «»^ef*«l  *nt<>  speniiAtoKOA ;  groups  of  these  in  a  furtlier   «tA^    of    de-reloiitiiast 

int<)  a  nctwork»  They  form  terminal  loops,  and  in  the  i^ripheral  por- 
tion of  the  testis  the  tubules  are  possessed  of  minnte  lateral  cical 
branchlets. 

Each  seminal  tubule  in  the  adult  testis  is  limited  by  a  membrant 
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propria,  which  appears  as  a  hyaline  elastic  membrane^  bat  which  is 
really  made  up  of  several  iEcomplete  layers  of  fattened  cells,  contain- 
ing oval  flattened  nuclei  at  regular  intervals.  Inside  this  inerabrana 
propria  are  several  layers  of  epithelial  cells,  the  seminal  cells  (fig.  440). 
These  consist  of  two  or  more  layers,  the  outermost  being  situated  next 
the  membrana  propria.     These  cells  are  of  two  kinds,  those  that  are  in 


M 


m 


A- 


^ 


Fig  4fin.-^Bt*ctii>D  of  A  tubule  of  the  teMtli'le  of  a  mt.  to  show  the  fofmatlon  of  the  speon^ 
ooa;  a  spermatozoa;    &,  fteminal  c«*Ur:   r,  sperDiatobHaAtii,  to  which  the  spt^rmatoxott  are  liUll 
adtMnreat;  d^  membraaa  propria;  e,  HbraplaKuc  elementii  of  the  conzieetlTe  tlesu^.     (Cadfat.  > 

a  resting  state,  which  generally  form  a  complete  layer,  and  those  that 
are  in  a  state  of  division,  of  which  there  may  be  two  layers.  The  latter 
are  called  mother  cells,  and  the  smaller  cells  resulting  from  their  division 
are  called  daughter  cells  or  spermatoblasts.  From  these  the  sperma- 
tozoa are  formed,  their  head  corresponding  with  the  nuclei  of  the 
daughter  cells;  and  during  their  development  they  lie  in  groups  (figs, 
449,450),  aud  are  supported  by  irregular  masses  of  so-called  nutritive 
cells;  hut  when  fully  formed,  they  become  detached,  and  till  the  lumen 
of  the  seminiferous  tubule  (fig.  450).  This  detachment  is  effected  by 
the  liquefaction  of  the  nutritive  cells  in  which  the  groups  of  spermatozoa 
are  imljedded. 

In  the  fine  connective  tissne  which  supports  the  tnbulea  of  the  testis, 
are  to  he  found  flattened  and  nucleated  epithelial  cells,  probably  the 
reouuns  of  the  Wolffian  body.  The  lymphatics  of  the  testes  are  nuroer- 
ouB,  and  may  be  injected  by  inserting  the  needle  of  an  injecting  syringe 
into  the  tunica  alhuginea,  and  pressing  in  the  injection  with  slight 
effort. 

The  Vesiculas  Seminales.^ — The  vesiculae  seminales  have  the  appear- 
ance of  outgrowths  from  the  vaaa  deferentia.     Each  vas  deferens,  just 
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before  it  enters  the  prostate  gland,  through  part  of  which  it  passes  to 
terminate  in  the  urethra,  gives  ofi  a  side  branch,  which  bends  l»ack 
from  it  at  an  acute  angle:  and  this  branch  dilating,  variously  branching, 
and  pursuing  in  both  itaelf  and  its  brancheg  a  tortuous  ^oourse,  fonni 
the  veaicula  seminalis. 

Siruciure, — Each  vesicula  may  be  unravelled  into  a  single  branching 
tube  sacculated,  convoluted,  and  folded  up. 

The  structure  resembles  closely  that  of  the  vaea  deferentia.  The 
mucous  membrane,  like  that  of  the  gall-bladder,  is  minutely  wrinkled 
and  set  with  folds  and  ridges  arranged  so  as  to  give  it  a  finely  reticu- 
lated appearance* 

The  Penis. — The  penis  is  composed  of  three  lung  more  or  len 
cylindrical   masfics,   inclosed    in    remarkably  firm  fibrouti    sheaths,  of 


Tig.  451,— Dissection  of  the  bmie  of  the  bladder  and  prostate  fzland.  showing  tJie  veslciite 
seniiuali's  und  va«a  cl«*ffMvntJa,  a.  low<»r  surface  of  the  bladder  at  the  iditee  of  rellectioa  at  Ua 
peritoneuto;  b,  the  pftrt  alw^vt*  Ciivered  hy  the  [M^ritoneum ;  i,  left  vns  aefereus,  endlDfr  in*,  the 
cjaculatory  duct;  the  vnm  drferenn  haM  bi.»fn  dividtNi  near  i,  and  aU  except  tlie  iresical  por- 
tion has  been  taken  aw  Ay,  «,  l«*ft  vwicula  seiiiickaliK  jiyiuing  the  same  duct;  a,  *,  the  rigtal  »w 
dpferpiis  and  rifiht  ve«ictiiii  setninnliH.  which  ban  been  unruFcllpd ;  p,  under  side  of  the  pcOiMlt 
gland;  ui,  part  of  the  uretliru;  w,  u,  the  ureters  (cut  short),  tne  right  one  turned  aildie, 
CHoller. } 


which  two,  the  corpora  cavemom^  are  alike,  and  are  firmly  joined 
together,  and  receive  below  and  between  tlieni  the  third  part,  or  corpus 
sponf/iosum.  The  urethra  passes  through  the  corpus  spongimum.  The 
penis  is  attiiched  to  the  gjmpliysis  pubis  by  its  root.  The  enlarged  ei- 
tremity  or  glans  penis  is  continuous  with  the  corpus  spongiosum.  The 
integument  covering  the  penis  forma  a  loose  fold  from  the  junction  of 
the  glans  with  the  body,  called  the  prepuce  or  foreskin. 


structure. — (a.)  The  ureihra  is  line<]  by  stratified  pavement  epithe- 
lium iD  the  prostatic  portion;  in  front  of  the  bulb  the  epithelium 
becomes  columnar,  while  at  the  fossE  naTicLtlaris  it  is  again  lined 
with  stratified  pavement  epitheliiinu  The  mucous  membrane  conBisis 
chiefly  of  fibrous  eonnective-t issue,  intermixed  with  which  are  many  elastic 
fibres.     It  is  surrounded  by  unstriped  muscular  tissue.     In  the  inter- 


Fi|7.  453.— Erectile  tissue  of  the  biiniati  petiis.    a,  ^hrmiB    trabeculee  with  their  ordlDar;' 
o^lllaries;  bisection  of  the  venotia  stnuBefi;  r,  muacular  tissue.     (CttdiatO 


mediate  portion  many  large  veins  run  amongst  the  bundles  of  musonlar 
tissue.     Many  mucous  glands,  gktnds  of  LittrS^  are  present. 

(ft.)  Th^  corpora  cavernosa^  a  true  erectile  stnicture,  are  surrounded 
by  a  dense  fibrous  and  elastic  sheath,  and  from  the  inner  surface  of  this, 
and  from  the  septum  which  separates  the  two  corpora  cavernosa,  puss 
nnraerous  bundles  of  fibrous,  elastic,  and  plain  muscular  fibres,  called 
iretbeculm^  and  these  by  their  anastomosis  form  a  series  of  irregular 
epaoeo.  These  spaces  are  lined  with  endothelium,  and  are  filled  with 
venous  blood.  The  inter- trabecular  spaces  or  sinuseiS  of  one  corpus 
cavernosuni  anastomose  with  those  of  the  other,  especially  in  front  where 
the  dividing  saptum  is  incomplete. 

{c)  The  corpus  spongiosum  nrethrae  consists  of  an  inner  portion  or 
plexus  of  longitudinal  veins,  and  of  an  outer  or  really  cavernous  portion 
identical  in  structure  with  that  which  ims  just  l]»een  described.  The 
lymphatics  of  the  penis  are  very  numerous,  both  superficially  and  also 
around  the  urethra.     They  join  the  inguinal  glands. 

The  nerve.'i^  derived  from  tlie  pudic  nerves  and  hypogastTic  plexus, 
are  distributed  to  the  skin  and  mucous  membrane  and  to  the  corpora 
cavernosa  and  spongiosum  respectively.  The  nerves  are  provided  with 
end  bulbs  and  Pacinian  corpuscles  in  the  glans  penis,  and  form  also  a 
dense  subepithelial  plexus. 

Cowper'^s  glands   are  two  smail  glands,  the  ducts  of  which  open  into 
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the  second  part  of  tlie  uretbra.  They  are  small  round  bodies,  oi  t&e 
fiize  of  a  pea,  yeUow  in  color,  resembling  the  tsublingual  gland;  in 
structure  they  are  compound  tubular  mucous  glands. 

The  Prostate  Gland.— The  proBtate  is  situated  (fig,  451)  at  the 
neck  of  the  urinary  bladder,  and  incloses  the  eommeucement  of  the 
urethra.  It  is  somewhat  chestnut- shaped.  It  measures  an  inch  and  a 
half  in  breadth,  and  an  inch  and  a  quarter  iong,  and  half  an  incli  in 
thickness, 

JSiru€ture.—Th&  prostate  is  made  up  of  small  compound  tubular 
glands  imtedded  in  an  abundance  of  museuhir  fibres  and  connective  tiasue. 

The  glandular  substance,  which  is  nearly  absent  from  the  front  part 
of  the  organ,  consists  of  numerous  small  saccules,  opening  into  elongated 
ducts,  which  unite  into  a  smaller  number  of  excretory  ducts.     37w  acini 
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Fig.  4SS,-^^&ctitm  of  «  amaU  portiou  of  the  prontote.     o,  gland  duft  cut  acrom  obU^piMjr;  K  i 
gland  structure ;  c,  prostatic  calculus.    (DtdiftL^ 


of  the  upper  part  of  the  prostate  are  small  and  hemispherical;  while 
in  the  middle  and  lower  parts  the  tubes  are  longer  and  more  convoluted. 
The  acini  are  of  two  kinds,  namely,  those  (a)  lined  with  a  single  layer  of  i 
thin  and  long  columnar  cells,  each  with  an  oval  nucleus  in  outer  part  of  ■ 
wall;  and  those  (b)  acini  resembling  the  foregoing,  but  with  a  secoad 
layer  .of  small  cortical,  polyhedral,  or  fusiform  cells  between  the  mem- 
brana  propria  and  the  columnar  cells.  The  dncfs,  twelve  to  twenty  in 
number,  open  into  the  urethra.  They  are  linetl  by  a  layer  of  columnar 
cells,  beneath  which  is  a  luyer  of  small  polyljedral  cells. 

The  tunica  adventitia  consists  of  dense  fibrous  tissue  of  two  layers, 
between  which  is  situated  a  plexus  of  veins.     Large  vmMls  paae  into  the     i 
interior  of  the  organ,  to  form  a  broad,  meshed,  capillary  system.     Nenm     ! 
with   numerous  large  ganglion-cells  surround   the   cortex.      Pacinian 
bodies  are  fiometimes  found  in  the  substance  of  the  organ. 
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The  muscular  tissue  of  the  prostate  not  only  forms  the  chief  part  of 
the  stroma  of  the  gland,  but  also  forms  a  continuous  layer  inside  the 
fibrous  sheath,  as  well  as  a  layer  surrounding  the  urethra,  which  is  con- 
tinous  with  the  sphincter  vesicsB. 

Physiology  op  the  Sexual  Organs. 

Of  the  Female. — In  the  process  of  development  in  the  ovary  of 
individual  Graafian  vesicles,  it  has  been  already  observed,  that  as  each 
increases  in  size,  it  gradually  approaches  the  surface  of  the  ovary,  and 
when  fully  ripe  or  mature,  forms  a  little  projection  on  the  exterior. 
Coincident  with  the  increase  in  size,  caused  by  the  augmentation  of  its 
liquid  contents,  the  external  envelope  of  the  distended  vesicle  becomes 
very  thin  and  eventually  bursts.  By  these  means,  the  ovum  and  fluid 
contents  of  the  vesicle  are  liberated,  and  escape  on  the  exterior  of  the 
ovary,  whence  they  pass  into  the  Fallopian  tube  or  oviduct,  the  fimbri- 
ated processes  of  the  extremity  of  which  are  supposed  coincidentally  to 
grasp  the  ovary,  while  the  aperture  of  the  tube  is  applied  to  the  part 
corresponding  to  the  matured  and  bursting  vesicle. 

In  animals  whose  special  capability  of  being  impregnated  occurs  at 
regular  periods,  as  in  the  human  subject,  and  most  mammalia,  the 
Graafian  vesicles  and  their  contained  ova  appear  to  arrive  at  maturity, 
and  the  latter  to  be  discharged  at  such  periods  only.  But  in  other 
animals,  e,g,^  the  common  fowl,  the  formation,  maturation,  and  dis- 
charge of  ova  appear  to  take  place  almost  constantly. 

It  has  long  been  known,  that  in  the  so-called  oviparous  animals,  the 
separation  of  ova  from  the  ovary  may  take  place  independently  of  im- 
pregnation by  the  male,  or  even  of  sexual  union.  And  it  is  now 
established  that  a  like  maturation  and  discharge  of  ova,  independently 
of  coition,  occurs  in  mammalia,  the  periods  at  which  the  matured  ova 
are  separated  from  the  ovaries  and  received  into  the  Fallopian  tubes 
being  indicated  in  the  lower  mammalia  by  the  phenomena  of  heat  or 
rut:  in  the  human  female,  although  not  always  with  exact  coincidence, 
by  the  phenomena  of  menstruation.  If  the  union  of  the  sexes  take 
place,  the  ovum  may  be  fecundated,  and  if  no  union  occur  it  perishes. 

That  this  maturation  and  discharge  occur  periodically,  and  only 
during  the  phenomena  of  heat  in  the  lower  mammalia,  is  made  probable 
by  the  facts  that,  in  all  instances  in  which  Graafian  vesicles  have  been 
found  presenting  the  appearance  of  recent  rupture,  the  animals  were  at 
the  time,  or  had  recently  been,  in  heat;  that  on  the  other  hand,  there  is  no 
authentic  and  detailed  account  of  Graafian  vesicles  being  found  ruptured 
in  the  intervals  of  the  period  of  heat;  and  that  female  animals  do  not 
admit  the  males,  and  never  become  impregnated,  except  at  those  periods, 
48 


742 


HANDBOOK   OF  PHYSIOLOGY. 


Relation  af  M$iutmatw7i  to  (he  DucJtarge  of  Ova, — The  hnmnn  fei 
Is  subject  to  the  same  law  as  the  foEiales  of  other  mammiieraus  nnini^M; 
her  ova  are  matured  aod  discharged  from  the  ovarj'  indepmd0ni  o/Mxual 
imion.  This  maturatioa  and  discharge  occur,  moreover,  periodically  at 
or  about  the  epochs  of  menstruation. 

The  evidence  of  the  jferiodical  discharge  of  ova  at  the  meuatmal 
periods  is  that  in  most  cases  in  which  signs  of  menstruation  have  Wn 
found  in  the  uterus,  follicles  in  a  state  of  maturity  or  of  rupture  have 
been  seen  in  the  ovary ;  and  although  conception  is  not  confined  to  the 
periods  of  menstruation,  yet  it  is  more  likely  to  occur  about  a  memtmal 
epoch  than  at  other  times. 

The  exact  relation  between  the  discharge  of  ova  and  menstruatioa  m 
not  very  clear.  It  was  formerly  believed  that  the  monthly  flux  waa  the 
result  of  a  congestion  of  the  uterus  arising  from  the  enlargement  and 
rupture  of  a  Graafian  follicle;  but  though  a  Graafian  foUieJe  is,  «•  • 
rule,  ruptured  at  each  menstrual  epoch,  yet  several  instances  are  recorded 
in  which  menstruation  has  occurred  where  no  Graafian  follicle  can  have 
been  ruptured,  and  on  the  other  hand  cases  are  known  where  ova  have 
been  discharged  in  amenorrhseic  women.  It  must  therefore  be  admitted 
that  menstruation  is  not  dependent  on  the  maturation  and  discharge  of 
ova. 

It  was,  moreover,  formerly  understood  that  ova  were  discharged 
toward  the  close  or  soon  after  the  cessation  of  a  menstrual  flow.  Ob^er^ 
vations  made  after  death,  and  facts  obtained  by  clinical  investigation, 
hovi^ever,  do  not  support  this  view.  Rupture  of  a  Graafian  follicle  doei 
not  happen  on  the  same  day  of  the  monthly  period  in  all  women.  It 
may  occur  toward  the  close  or  soon  after  the  cessation  of  a  flow;  but  oaly 
in  a  smalt  minority  of  the  subjects  examined  after  death  was  this  thf 
case.  On  the  other  hand,  in  almost  all  such  subjects  of  which  there  i$ 
record,  rupture  of  the  follicle  appears  to  have  taken  place  lieforo  tbt 
commencement  of  the  catamenia!  flow.  Moreover,  tlie  custom  of  thf 
Jews — a  prolific  race,  to  whom  by  the  Levitical  law  sexual  intercoutve 
during  the  week  following  menstruation  was  forbidden — militatei 
strongly  in  favor  of  the  view  that  conception  usually  occurs  befuri!  and 
not  soon  after  a  menstrual  epoch,  and  necessarily,  therefore,  for  the  viev 
that  ova  are  usually  discharged  before  the  catamenial  flow.  This,  to* 
gether  with  the  anatomical  condition  of  the  uterus  just  before  the 
catamenia,  seems  to  indicate  that  the  ovum  fertilized  is  that  which  is 
disoharged  in  connection  with  the  first  absent,  and  not  that  with  the 
last  present  menstruation. 

Though  menstruation  does  not  appear  to  depend  upon  the  diachargt 
of  ova,  yet  the  presence  of  the  ovaries  seems  necessary  for  the  perform* 
anoe  of  the  function ;  for  women  do  not  menstruate  when  both  ovarki 
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have  been  removed  by  operation.  Some  instances  have  been  recently 
recorded,  indeed,  of  a  sanguineous  discharge  occurring  periodically  from 
the  vagina  after  both  ovaries  have  been  previously  removed  for  disease; 
and  it  has  been  inferred  from  this  that  menstruation  is  a  function  inde- 
pendent of  the  ovary:  but  this  evidence  is  not  conclusive,  inasmuch  as 
it  is  possible  that  portions  of  ovarian  tissue  were  left  after  the  operation. 
Source  and  Characters  of  Menstrual  Discharge, — The  menstrual  dis- 
charge is  a  thin  sanguineous  jQuid,  having  a  peculiar  odor.  It  is  of  a 
dark  color,  and   consists  of  blood,  epithelium,  and   mucus  from   the 


Fig.  454. 


Fig.  4fi6. 


Fig.  456. 


Fig.  454.— Diagram  of  uterus  just  before  menstruation;  the  shaded  portion  represents  the 
thickened  mucous  membrane. 

Fig.  456.— Diamm  of  uterus  when  menstruation  has  just  ceased,  showing  the  cavity  of  the 
uterus  deprived  of  mucous  membrane. 

Fig.  4b6.— Diagram  of  uterus  a  week  after  the  menstrual  flux  has  ceased:  the  shaded  portion 
represents  renewed  mucous  membrane.    (J.  WiUiams.) 

uterus  and  vagina.  The  menstrual  flow  is  preceded  by  a  general  engorg- 
ment  of  all  the  pelvic  organs  with  blood.  The  cervix  and  vagina  become 
darker  in  color  and  softer  in  texture,  and  the  quantity  of  mucus  secreted 
by  the  glands  of  the  cervix  and  body  is  increased.  The  uterine  mucous 
membrane  is  swollen  and  the  glands  are  elongated  and  tortuous.  The 
discharge  of  blood,  the  source  of  which  is  the  mucous  membrane  of  the 
body  of  the  uterus,  is  probably  associated  with  uterine  contractions. 
There  is  great  difference  of  opinion  as  to  whether  or  not  any  of  the 
uterine  mucous  membrane  is  normally  shed  during  the  process  of  men- 
fitruation.  John  Williams  believes  that  the  whole  of  the  mucous  mem- 
brane of  the  body  of  the  uterus  is  thrown  off  at  each  monthly  period. 


744  HANDBOOK   OP   PHYSIOLOGY, 

forming  a  true  decidua  mensfrualis  (fig.  454),  while  Mdricke  and 
believe  that  the  mucous  niembraue  remains  intact.  Leopold  belieTei 
that  red  blood  corpuscles  escapo  from  the  congested  capiLlaricd  and  un- 
dermiae  the  superficial  epithc4ium,  and  tlfiit  in  this  way  the  superftcsal 
layer  of  the  mucous  membrane  is  eroded  ami  subsequently  regeD<*rate«]« 
It  is  probable  tliat  menstruation  is  not  a  sign  of  the  capability  of  being 
impregnated,  as  much  as  of  disappointed  impregnation, 

Memirual  Life. — The  occurrence  of  a  menstrual  discharge  10  ouo  of 
the  most  prominent  indications  of  the  commencement  of  puberty  in  tb« 
female  sex;  though  its  absence  even  for  several  years  is  not  neoeaainly 
attended  with  arrest  of  the  other  characters  of  this  period  of  life,  or 
with  inaptness  for  sexual  union,  or  incapability  of  impregnatioiL  Tht 
average  time  of  its  first  appearance  in  females  of  this  country  and  othen 
of  about  the  mime  latitude,  is  from  fourteen  to  fifteen;  but  it  is  mcKb 
inMuenced  by  the  kind  of  life  to  which  girls  arc  suhjeeted,  lieing  tcoel- 
erated  by  habits  of  kixnry  and  indolence,  and  retarded  by  coBtmr? 
conditions.  Its  appeanmce  may  be  slightly  earlier  in  persons  d willing 
in  warm  eiimes  tlian  in  those  inhabiting  colder  latitudes.  Hnch  of  the 
iaflnenee  attributed  to  climate  api)ears  dne  to  the  custom  prevalent  in 
many  hot  countries,  as  in  Hindostan,  of  giving  girls  in  marriage  at  a 
very  early  age,  and  inducing  sexual  excitement  previous  to  the  proper 
menstrual  time.  The  menstrual  functions  continue  through  the  whol# 
fruitful  period  of  a  woman's  life  and  usually  cease  between  the  forty- 
fifth  and  fiftieth  years. 

The  several  menstrual  periods  usually  occur  at  intervals  of  a  lunar 
month,  the  duration  of  each  being  from  three  to  six  days.  In  somo 
women  the  intervals  are  so  short  as  three  weeks  or  even  less;  while  ta 
others  they  are  longer  than  a  month.  The  periodical  return  is  nsnallf 
attended  by  pain  in  the  loins,  a  sense  of  fatigue  in  the  lower  limbs,  and 
other  symptoms,  which  are  different  in  different  individuals.  Mcn^tni* 
ation  does  not  usually  occur  in  pregnant  women,  or  in  those  who  are 
suckling;  but  instances  of  its  occurrence  in  both  these  conditions  aro  bv 
no  means  rare. 

Corpuft  Lutetnn. — Immediately  before,  as  well  as  subsequent  to,  the 
rupture  of  a  Graafian  follicle^  and  the  escape  of  its  o\^m,  certain  ehaugn 
ensue  in  the  interior  of  the  vesicle,  which  result  in  the  production  oft 
yellowish  mass,  termed  a  Corpus  luteum. 

When  fully  formed  the  corpus  lutenm  of  mammiferous  animab  i<  1 
roundish  solid  body,  of  a  yellowish  or  orange  color,  and  composed  of  a 
number  of  lobules,  which  surround,  sometimes  a  small  cavity,  bat  inorv 
frequently  a  small  stelliform  mass  of  white  substance,  from  which  dlli* 
cate  processes  pass  as  septa  between  the  several  lobules.  Very  ofteiL,  in 
the  oow  and  sheep,  there  is  no  white  substance  in  the  centre;  mud  tbs 
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lobules  projecting  from  the  opposite  walls  of  the  Graafian  follicle  appear 
in  a  section  to  be  separated  by  the  thinnest  possible  lamina  of  semi- 
transparent  tissue. 

When  a  follicle  is  about  to  burst  and  expel  the  ovum,  it  becomes 
highly  vascular  and  opaque;  and,  immediately  before  the  rupture  takes 
place,  its  walls  appear  thickened  on  the  interior  by  a  reddish  glutinous 
or  fleshy-looking  substance.  Immediately  after  the  rupture,  the  inner 
layer  of  the  wall  of  the  vesicle  appears  pulpy  and  flocculent.  It  is 
thrown  into  wrinkles  by  the  contraction  of  the  outer  layer,  and,  soon, 
red  fleshy  mammillary  processes  grow  from  it,  and  gradually  enlarge  till 
they  nearly  fill  the  vesicle,  and  even  protrude  from  the  orifice  in  the 
external  covering  of  the  ovary.  Subsequently  this  orifice  closes,  but  the 
fleshy  growth  within  still  increases  during  the  earlier  period  of  preg- 
nancy, the  color  of  the  substance  gradually  changing  from  red  to  yellow, 
and  its  consistence  becoming  firmer. 

The  human  corpus  luteum  (fig.  457)  differs  from  that  of  the  domestic 
quadruped  in  being  of  a  firmer  texture,  and  having  more  frequently  a 


Tig.  4S7.~Corpora  lutea  of  different  periods.  B,  corpus  luteum  of  about  the  sixth  week 
after  impregnation,  showing  its  plicated  form  at  that  period.  1,  substance  of  the  ovary ;  2,  sub> 
stance  of  the  corpus  luteum ;  8,  a  grayish  coagulum  in  its  cavity.  (Paterson. )  A,  corpus  Iv- 
teum  two  days  alter  delivery ;  D,  In  the  twelfth  week  after  delivery.    (Montgomery. ) 

persistent  cavity  at  its  centre,  and  in  the  stelliform  cicatrix,  which  re- 
mains in  the  cases  where  the  cavity  is  obliterated,  being  proportionately 
of  much  larger  bulk.  The  quantity  of  yellow  substance  formed  is  also 
much  less:  and  although  the  deposit  increases  after  the  vesicle  has 
burst,  yet  it  does  not  usually  form  mammillary  growths  projecting  into 
the  cavity  of  the  vesicle,  and  never  protrudes  from  the  orifice,  as  is  the 
case  in  other  Mammalia.  It  maintains  the  character  of  a  uniform,  or 
nearly  uniform,  layer,  which  is  thrown  into  wrinkles,  in  consequence  of 
the  contraction  of  the  external  tunic  of  the  vesicle.  After  the  orifice  of 
the  vesicle  has  closed,  the  growth  of  the  yellow  substance  continues  dur- 
ing the  first  half  of  pregnancy,  till  the  cavity  is  reduced  to  a  compara- 
tively small  size,  or  is  obliterated;  in  the  latter  case,  merely  a  white 
stelliform  cicatrix  remains  in  the  centre  of  the  corpus  luteum. 

An  effusion  of  blood  generally  takes  place  into  the  cavity  of  the  fol- 
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licle  at  the  time  of  its  rupture,  especially  in  the  human  snbji 
has  no  share  in  forming  the  yellow  body;  it  gradually  loees  \U  ooluring' 
matter*  The  serum  of  the  blood  sometimes  remains  included  within  a 
cavity  in  the  centre  of  the  coagulum,  and  then  the  decolorized  flbrtn 
forms  a  membraniform  sac,  lining  the  corpua  luteum.  At  other  times 
the  ^rum  is  removed,  and  the  fibrin  constitutes  a  solid  stelliform 

The  yellow  substance  of  which  the  corpus  luteum  consists,  both  in 
the  human  subject  and  in  the  domestic  animals,  is  a  growth  from  the 
inner  surface  of  the  ruptured  follicle,  the  result  of  an  iDcreaaed  devel 
opmeut  of  the  membrana  granulosa. 

The  tir^t  changes  of  the  internal  coat  of  the  Graafian  Tesicle  in  the 
process  of  formation  of  a  corpus  Inteura  seem  to  occur  in  every  owe  in 
which  an  ovum  escapes;  as  w^ell  in  the  human  subject  aa  in  the  domestic 
quiidni|>t^d8.  If  the  ovum  is  impregnated,  the  growth  of  tlie  yellow  snb- 
stance  continues  during  nearly  the  whole  {>eriod  of  gestation  and  form* 
the  large  corpus  luteum  commonly  described  as  a  characteristic  mark  of 
impregnation.  If  the  oviim  is  not  impregnated,  the  growth  of  yellow 
substance  on  the  internal  surface  of  the  vesicle  proceeds,  in  the  faanuui 
ovary,  no  further  than  the  formation  of  a  thin  layer,  which  shortly  dis- 
appears; but  in  the  domestic  animals  it  continues  for  some  time  sfteT'l 
the  ovum  has  jierished,  and  forma  a  corpus  luteum  of  consideraUe 
The  fact  that  a  structure^  in  its  essential  characters  similar  to,  though 
smaller  than,  a  corpua  luteum  observed  during  pregnancy,  is  formed  k' 
the  human  subject,  independent  of  impregnation  or  of  sexual  unioi 
coupled  with  the  varieties  in  size  of  corpora  lutea  formed  during  preg- 
nancy, necessarily  renders  unsafe  all  evidence  of  previous  impregnation 
founded  on  the  existence  of  a  corpus  luteum  in  the  ovary. 

The  foUlowiDg  table  by  Dalton,  expresses  well  the  differeDce*  between  1 
corpus  lut^^um  of  the  pregnant  and  un impregnated  condition  respectively: — 

Corpua  Luteum  of  Preg^naiacy. 


I 


so 

nil  " 


At  the  erul  of 

three  it>eek» 

One  month  . 


Two  mofitlts 


Siie  month4  , 


Mr^  months 


Corpus  Luteum  of  Menstni' 

ation. 

Three-quarters  of  an  inch  in  diameter;  central  clot  n»cldiab ,  oon- 
Toluted  wall  \m\e. 

Larger ;  conToluted  wall  brighl  jPtl^ 
low ;  clot  HtiM  roddblk 


I 


wall 
still 


Smaller ;  e»involutf<i 
bright  yellow  ;  clot 
re<ldish, 

R^iiiced  to  the  condition 
of  an  insiguiiicant  cica- 
trix. 

Absent 


Absent 


Seven  eighths  ot  an  inch  fo  <lift< 
meter;  eoDToluted  w&U  farij^ 
yellow;  clot  perfecUy  ileooKV' 
ieect 

8ti(l  as  large   aa  at  «Dd  of 

III  on  til ;  clot  fibrinoiia;  eoDVutntal 
wall  niUer 

One-half  an  inch  tu  iliatneier;  aok* 
tral  clot  converted  m%n  m  wdi- 
atiug  oic4itrix  :  the  ertenuU 
t<»1erably  thick  and  convololid 
but  without  any  bright  vfJIi)*^ 
color. 


\ 


THE  REPRODUCTIVE  ORGANS. 


747 


Of  the  Male. — In  order  that  the  ovum  should  be  fecundated,  it  is 
necessary  that  it  should  meet  with  the  seminal  fluid  of  the  male.  This 
is  accomplished  by  the  junction  of  the  sexes  in  the  act  of  coition, 
whereby  the  seminal  fluid  is  discharged  into  the  neighborhood  of,  if  not 
within,  the  cervix  uteri.  Before  considering  the  changes  which  are 
produced  in  the  ovum  by  impregnation,  it  will  be  as  well  to  describe  the 
nature  of  the  seminal  fluid.  This  consists  essentially  of  the  semen  se- 
creted by  the  testeSy  and  to  this  are  added  a  material  secreted  by  the 
vesiculsB  seminales,  as  well  as  the  secretion  of  the  prostate  gland,  and  of 
Cowper's  glands.  Portions  of  these  several  fluids  are  discharged,  to- 
gether with  the  proper  secretion  of  the  testicles. 

The  semen  is  a  viscid,  whitish,  albuminous  fluid  of  a  peculiar  odor. 
It  contains  epithelium,  granules  or  colorless  particles,  and  large  num- 
bers of  spermatozoa^  which  are  the  characteristic  and  essential  elements. 


Fig.  458.  Fig.  450. 

Fig.  458.— Spermatic  fllaments  from  the  human  vas  deferens.    1,  magnified  800  diameters;  8, 
magomed  800  diameters;  a,  from  tiie  side;  6«  from  above.    (From  KtflliKer.) 
Fig.  450.— Spermatozoa.    1,  Of  salamander;  2,  himian.     (H.  Oibbes.) 


The  spermatozoa  are  minute  bodies  each  consisting  of  a  flattened  oval 
head  and  attached  to  it  a  long  slender  tapering  mobile  flagellum  or  tail. 
In  some  forms  of  spermatozoa  there  is  a  small  middle  piece  interposed 
between  the  head  and  the  tail.  The  head  is  about  Tnmr**^  ^^^  (about 
^fi)  long  and  y^^^th  inch  (about  2.5/:*)  broad.  The  tail  is  about  ^^nr^ 
to  TTjVrr^h  i°^^  (5/:i-6Ai)  long.  The  spermatozoa  possess  the  power  of 
active  movement,  and  it  is  by  this  sinuous,  cilia-like  movement  that 
they  are  propelled  in  the  female  and  so  helped  in  their  progress  to  meet 
the  ovum.     The  lashing  cilium-like  movement  of  a  spermatozoon  may 
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go  on  for  hours  or  days  in  the  alkalino  fluids  of  the  body.  It  is  stopped 
by  any  of  the  agencies  which  stop  ciliary  movement,  e,g.^  acids,  or 
strong  alkalies,  alcohol,  chloroform,  cold  to  0°  C,  and  heat  above  SC'C. 

On  examining  the  spermatozoon  of  Triton  cristatus,  one  of  the  am- 
phibia which  possess  the  largest  spermatozoa  of  all  vertebrate  animals, 
H.  Gibbes  found  that  the  organism  consisted  of  (a)  a  long  pointed  head, 
at  the  base  of  which  is  (^),  an  elliptical  structure  joining  the  head  to 
(6*),  a  long  filiform  body;  (t/),  a  fine  filament,  much  longer  than  the 
body,  is  connected  with  this  latter  by  (e),  a  homogeneous  membrane. 

The  head,  as  it  appears  in  the  fresh  specimen,  has  a  different  refrac- 
tive power  from  that  of  the  rest  of  the  organism,  and  with  a  high  power 
appears  to  be  a  light  green  color;  there  is  also  a  central  line  running  up 
it,  from  which  it  appears  to  be  hollow. 

The  elliptical  structure  at  the  base  of  the  head  connects  it  with  the 
long  threadlike  body,  and  the  filament  springs  from  it. 

While  the  spermatozoon  is  living,  this  filament  is  in  constant  mo- 
tion; at  first  this  is  so  quick  that  it  is  difficult  to  see  it,  but  as  its  vital- 
ity becomes  impaired  the  motion  gets  slower,  and  it  is  then  easily  per- 
ceived to  be  a  continuous  waving  from  side  to  side. 

The  spermatozoa  of  all  mammalia  examined,  consisting  of  inan^  bull^ 
dog,  horse,  cat,  pig,  mouse,  rat,  guinea-pig,  had  instead  of  the  long-pointed 
head  of  the  amphibian,  a  blunt  thick  process  of  different  shapes  in  the 
different  animals;  and  from  the  root  or  neck  of  this  proceeded  the  long 
filament  just  as  in  the  amphibia,  only  so  delicate  as  to  be  invisible  except 
with  very  high  powers. 

In  man  the  liead  (fig.  459)  is  club-shaped,  and  from  its  base  springs 
the  very  delicate  filament,  which  is  three  or  four  times  as  long  as  the 
body ;  and  the  membrane  which  attaches  it  to  the  body  is  much  broader, 
and  allows  it  to  lie  at  a  greater  distance  from  the  body  than  in  the  sper- 
matozoa of  any  other  Mammal  examined. 

From  his  investigation,  Gibbes  concluded: — Ist,  that  the  head  of  the 
spermatozoon  is  inclosed  in  a  sheath,  which  is  a  continuation  of  the 
membrane  which  surrounds  the  filament,  and  connects  it  to  the  body, 
acting  in  fact  the  part  of  a  mesentery.  2ndly.  That  the  substance  of  the 
head  is  quite  distinct  in  its  composition  from  the  elliptical  structure, 
the  filament  and  the  long  body,  and  that  it  is  readily  aqted  on  by  alkalies; 
these  reagents  have  no  effect,  however,  on  the  other  part,  exempting 
the  membraneous  sheath.  3rdly.  That  this  elliptical  structure  has  its 
analogue  in  the  mammalian  spermatozoon;  in  the  one  case  the  head  is 
drawn  out  as  a  long  pointed  process,  in  the  other  it  is  of  a  globular 
form,  and  surrounds  the  elliptical  structure.  4thly.  That  the  motive 
power  lies,  in  a  great  measure,  in  the  filament  and  the  membrane  at- 
taching it  to  the  body. 
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The  spermatozoa  are  derived  from  the  breaking  up  of  the  seminal 
cells  or  daughter  cells.     They  must  be  looked  upon  as  modified  cells. 

The  occurrence  of  spermatozoa  in  the  impregnating  fluid  of  nearly 
all  classes  of  animals,  proves  that  they  are  essential  to  the  process  of 
impregnation,  and  their  actual  contact  with  the  ovum  is  necessary  for 
its  development. 

The  seminal  fluid  is,  probably,  after  the  period  of  puberty  secreted 
constantly,  though,  except  under  excitement,  very  slowly,  in  the  tubules 
of  the  testicles.  From  these  it  passes  along  the  vasa  deferentia  into  the 
vesiculsB  seminales,  whence,  if  not  expelled  in  emission,  it  may  be  dis- 
charged, as  slowly  as  it  enters  them,  either  with  the  urine,  which  may 
remove  minute  quantities,  mingled  with  the  mucus  of  the  bladder  and 
the  secretion  of  the  prostate,  or  from  the  urethra  in  the  act  of  defseca- 
tion. 

To  the  vesiculoB  seminales  a  double  function  may  be  assigned ;  for 
they  both  secrete  some  fluid  to  be  added  to  that  of  the  testicles,  and 
serve  as  reservoirs  for  the  seminal  fluid.  The  former  is  their  most  con- 
stant and  probably  most  important  office;  for  in  the  horse,  bear,  guinea- 
pig,  and  several  other  animals,  in  whom  the  vesiculse  seminales  are  large 
and  of  apparently  active  functions,  they  do  not  communicate  with  the 
vasa  deferentia,  but  pour  their  secretions,  separately,  though  it  may  be 
simultaneously,  into  the  urethra. 

There  is  a  complete  want  of  information  respecting  the  nature  and 
purposes  of  the  secretions  of  the  prostate  and  Cowper's  glands.  That 
they  contribute  to  the  right  composition  of  the  impregnating  fluid,  is 
shown  both  by  the  position  of  the  glands  and  by  their  enlarging  with 
the  testicles  at  the  approach  of  an  animal's  breeding  time.  But  that 
they  contribute  only  a  subordinate  part  is  shown  by  the  fact,  that,  when 
the  testicles  are  lost,  though  these  other  organs  be  perfect,  all  procrea- 
tive  power  ceases. 

The  fluid  part  of  the  semen  or  liquor  seminis  has  not  been  satisfac- 
torily analyzed :  but  Henle  says  it  contains  fibrin,  because  shortly  after 
being  discharged,  flocculi  form  in  it  by  spontaneous  coagulation,  and 
leave  the  rest  of  it  thinner  and  more  liquid,  so  that  the  filaments  niove 
in  it  more  actively.  The  chief  constituents  of  the  semen  are  said  to  be  a 
variety  of  nuclein,  which  does  not  contain  sulphur;  certain  jE?ro^«i(fo,  one 
of  which  contains  four  per  cent,  of  sulphur;  lecithin;  cholesterin;  fai^ 
and  extractives. 
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CHAPTER  XIX. 

DEVELOPMENT. 

Changes  which  occur  in  the  Oimm. 

Of  the  changes  which  take  placa  in  the  OTam,  some  occur  before 
and  are  as  it  were  preparatory  to  impregnation,  and  others  enane  after 
impregnation.     It   will  be   as   well  to  consider  the  respective  chi 
separately, 

Oha/iffes  prior  to  Impreff nation^ — These  changes  especially  concerli 
the  germinal  vesicle,  ami  luive  been  observed  chiefly  in  the  ova  of  low 
types.  The  ovum  when  ripe  and  detached  from  the  ovary  coneiata,  it 
will  be  rememWred,  of  a  ^aiiular  yolk  inelosed  within  the  protoplasoiic 
zonapellucida,  and  eootaiiiiiig  the  germinal  vesicle  and  germinal  5|x>l  &ila- 
aied  eccentrically.  The  yolk  granules  are  of  different  sizet,  from  tbe 
minutest  molecules  up  to  a  diameter  of  ^i^th  to  y^^th  of  an  indi 
(about  "Ihfj).  The  germinal  vesicle  consists  of  reticulated  protoplaBOs 
incloged  in  a  distinct  membrane,  and  containing  one  or  more  nuclooli 
or  germinal  spots.  The  primary  change  observed  in  the  ovum  consislt 
in  alterations  in  the  shape  of  the  vesicle,  the  disappearance  of  it^  pro- 
toplasmic reticulum,  and  of  it^i  inclosiug  membrane,  with  a  conaeqaenl 
indentation  aud  indistinctness  of  its  outline.  Its  protoplasm  tvecomei 
to  a  considerable  eitent  confounded  with  the  yolk  su Instance,  and  iti 
germinal  spot  disappears.  The  next  step  in  the  process  is  the  appeaf^ 
ance  in  the  yolk  of  two  stars  in  a  clear  space  near  the  [>o]e0  of  tbe  vw- 
cle  elongated  to  a  certain  extent,  and  from  this  rei>ult«  a  nuclmrtpindU^ 
corresponding  to  a  nucleus  in  the  proces^i  of  division,  with  the  ittars  al 
either  end  lying  near  the  surface  of  the  yolk*  This  spindle  next  becomei 
vertical,  aud  the  star  nearer  the  surface  protrudes  from  the  ovum  onrel- 
oped  in  a  protoplasmic  mass,  which  by  constriction  forms  the  first  pQi&t 
ctlL  A  second  polar  cell  arises  in  the  same  way.  From  the  rematnder 
of  the  spindle  within  the  yolk  two  or  three  vesicles  arise,  and  by  th« 
junction  of  these  a  single  nucleus  is  formed,  which  is  called  the/tmaU 
pro-nucleus.  This  is  clearly  derived  from  the  original  germinal  vesicle. 
It  mast  be  remembered  that  these  changes  have  been  bo  far  obeenred  onlf 
in  a  certain  number  of  instances.  It  is  very  possible,  not  to  say  probable, 
that  such  changes  are  universal  in  the  animal  kingdom  (Balfour), 

Balfour's  view  as  to  the  format  ion  of  the  polar  bodies  maj  be  gi' 
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in  his  own  words: — "  My  view  amounts  to  the  following,  viz.,  that  after 
the  formation  of  the  polar-cells,  the  remainder  of  the  germinal  vesicle 
within  the  ovum  (the  female  pro-nucleus)  is  incapable  of  further  devel- 
opment without  the  addition  of  the  nuclear  part  of  the  male  element 
(spermatozoon),  and  that  if  polar-cells  were  not  formed,  parthenogenesis 
might  normally  occur." 

Changes  following  Impregnation. — The  process  of  impregnation 
of  the  ovum  has  been  observed  most  accurately  in  the  lower  types.  In 
mammalia,  although  spermatozoa  pass  in  numbers  through  the  yolk 
envelope,  yet  their  further  progress  is  only  inferred  from  observations  on 
the  lower  animals.  The  process  in  asterias  glucMiSy  according  to  Bal- 
four, is  as  follows: — The  head  of  a  single  spermatozoon  joins  with  an 
elevation  of  the  yolk  substance,  the  tail  remaining  motionless,  and  then 
disappearing.  The  head  enveloped  in  the  protoplasm  then  sinks  into  the 
yolk  and  becomes  a  nucleus,  from  which  the  yolk  substance  is  arranged 
in  radiating  lines.  This  is  the  male  pro-nucleus.  At  first,  at  some  dis- 
tance from  the  female  pro-nucleus,  it  after  a  while  approaches  nearer^ 
and  the  female  pro-nucleus,  which  was  before  inactive,  becomes  active. 
The  nuclei  at  last  meet  and  unite.  The  result  of  their  union  is  the  first 
seffme?itaiian  sphere,  or  blasto-sphere.  It  is  a  nucleated  protoplasmic  cell. 
The  changes  which  have  resulted  in  the  formation  of  the  blasto-sphere 
or  primitive  segmentation  germ  are  followed  by  the  process  known  as 
segmentation  of  the  yolk. 

This  process  and  the  earlier  stages  in  development  are  so  fundamen- 
tally similar  in  all  vertebrate  animals,  from  fishes  up  to  man,  that  the 
gaps  existing  in  our  knowledge  of  the  process  in  the  higher  mammalia, 
such  as  man,  may  be,  in  part,  at  any  rate,  filled  up  by  the  more  accu- 
rate knowledge  which  we  possess  of  the  development  of  the  ovum  in 
such  animals  as  the  trout,  frog,  and  fowl. 

One  important  distinction  between  the  ova  of  various  vertebrata  should  be 
remembered.  In  the  hen's  egg»  besides  the  shell  and  the  white  or  albumen,  two 
other  structures  are  to  be  distinguished— the  germ,  often  called  the  cicatricula 
or  "•  tread,  ^  and  the  yolk,  inclosed  in  its  vitelline  membrane. 

The  germ  is  (as  was  mentioned  in  the  description  already  given)  essentially 
a  cell,  consisting  of  protoplasm  inclosing  a  nucleus  and  nucleolus.  It  alone 
participates  in  the  process  of  segmentation,  the  great  mass  of  the  yolk  (food- 
yolk)  remaining  quite  unaffected  by  it.  Since  only  the  germ,  which  forms  but 
a  small  portion  of  the  yolk,  undergoes  segmentation,  the  ovum  is  called  mero- 
blastic. 

In  the  mammalia,  on  the  other  hand,  there  is  no  large  unsegmented  mass 
corresponding  to  the  food-yolk  of  birds ;  the  entire  ovum  imdergoes  segmenta- 
tion, and  is  hence  termed  holoblastic. 

The  eggs  of  fishes,  reptiles,  and  birds,  are  meroblastic,  while  those  of  am- 
phibia and  mammalia  are  holoblastic. 

Of  the  changes  which  the  mammalian  ovum  undergoes  previous  to 
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the  formation  of  the  embryo,  those  which  occur  while  it  is  irtiU  in 
ovary  are  independent  of  impregnation:  others  take  placij  after  it 
reached  the  Fallopian  tube.     The  knowledge  we  poaae^  of  these  changes 

IS  derived  almoist  exclusively  from  obeer* 
rations  on  the  ova  of  the  bitch  and  mbbtt: 
but  it  im\j  be  inferred  that  anaIo>gotii 
changes  ensue  in  the  human  ovum* 

As  the  ovum  approaches  the  middle  of 
the  Fallopian  tube,  it  begins  to  reeeire  a 
new  invegtment,  consisting  of  a  layor  of 
transparent  albuminuus  or  glutinons  sub- 
stance, which  forms  upon  the  extcirior  of 
the  zona  ]io)]ucida<  It  ia  at  first  Exceed* 
ingly  fine,  and  owing  to  this,  ami  to  iti 
trangparency,  is  not  easily  recogniMd, 
but  at  the  lower  part  of  the  Fallopisa 
ttibe  it  acquires  considerable  thicknesB. 

SetpneniaHon, — llie  first  risible  resttlt 
of  fertilization  is  a  slight  amoeboid  more- 
men  t  in  the  protophi&m  of  the  OTiitii: 
this  had  l>ecn  observed  in  some  fisb|  in  tlie 
frog,  and  in  some  mammals.  ImmecHatdy 
succeeding  to  this  the  process  of  segmen* 
tat  ion  commences,  and  is  completed  dor- 
ing  the  pai^snge  of  the  omm  through  the 
Fallopian  tul>e.  In  mammals,  in  which 
the  process  is  an  example  of  oompteie  seg- 
mentation, the  yolk  becomes  ooustricflad 
in  the  middle,  and  is  surrcKnndrf  by  s 
furrow  which,  gradually  deepening,  At 
length  cuts  it  in  half,  while  the  same  pro- 
cess begins  almost  imme^i lately  In  «acll 
half  of  the  yolk,  and  enis  it  also  ta  tvu. 
The  same  process  is  repeated  in  each  of 
the  quarters,  and  so  on,  nntil  at  last  by 
continual  cleavings,  the  whole  yolk  is 
changed  into  a  miillierry-like  man  of 
small  and  more  or  less  rounded  bodiesi, 
Bontetimes  called  riteUim  sph€r§B^  tlit 
whole  still  incloseii  by  the  zona  i>ellucTda  {^g.  460).  Each  of  theao  lit- 
tle sphoniles  contains  a  transjiarent  vesicle,  like  an  oil-globule,  which  is 
seen  with  difficulty,  on  account  of  its  being  enveloped  by  the  yolk-gran- 
ules which  adhere  closelv  to  its  surface. 


« 

« 

# 

Fli;.  4(I0l— DlAgrrftiun  of  ai«  vart- 
ocw  ■t«^'!«  of  cltMvjMr*  of  tilt*  yf>Uc. 
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The  cause  of  this  singular  subdivision  of  the  yolk  is  quite  obscure : 
though  the  immediate  agent  in  its  production  seems  to  be  the  central 
vesicle  contained  in  each  division  of  the  yolk.  Originally  there  was  prob« 
ably  but  one  vesicle,  situated  in  the  centre  of  the  entire  granular  mass 
of  the  yolk,  and  probably  derived  in  the  manner  already  described  from 
the  germinal  vesicle.  This  divides  and  subdivides:  each  successive  divi- 
sion and  subdivision  of  the  vesicle  being  accompanied  by  a  corresponding 
division  of  the  yolk. 

About  the  time  at  which  the  mammalian  ovum  reaches  the  uterus, 
the  process  of  division  and  subdivision  of  the  yolk  appears  to  have 
ceased,  its  substance  having  been  resolved  into  its  ultimate  and  smallest 
divisions,  while  its  surface  presents  a  uniform  finely-granular  aspect, 
instead  of  its  late  mulberry-like  appearance.  The  ovum,  indeed,  ap- 
pears at  first  sight  to  have  lost  all  trace  of  the  cleavage  process,  and^ 
with  the  exception  of  being  paler  and  more  translucent,  almost  exactly 
resembles  the  ovarian  ovum,  its  yolk  consisting  apparently  of  a  confused 
mass  of  finely  granular  substance.  But  on  a  more  careful  examination, 
it  is  found  that  these  granules  are  aggregated  into  numerous  minute 
spheroidal  masses,  each  of  which  contains  a  clear  vesicle  or  nucleus  in 
its  centre,  and  is,  in  fact,  an  embryonal  cell.  The  zona  pellucida,  and 
the  layers  of  albuminious  matter  surrounding  it,  have  at  this  time  the 
same  character  as  when  at  the  lower  part  of  the  Fallopian  tube. 

The  passage  of  the  ovum,  from  the  ovary  to  the  uterus,  occupies 
probably  eight  or  ten  days  in  the  human  female. 

When  the  peripheral  cells,  which  are  formed  first,  are  fully  devel- 
oped, they  arrange  themselves  at  the  surface  of  the  yolk  into  a  kind  of 
membrane,  and  at  the  same -time  assume  a  polyhedral  shape  from  mutual 
pressure,  so  as  to  resemble  pavement  epithelium.  The  deeper  cells  of  the 
interior  pass  gradually  to  the  surface  and  accumulate  there,  thus  in- 
creasing the  thickness  of  the  membrane  already  formed  by  the  more 
superficial  layer  of  cells,  while  the  central  part  of  the  yolk  remains  filled 
only  with  a  clear  fluid.  By  this  means  the  yolk  is  shortly  converted 
into  a  kind  of  secondary  vesicle,  the  walls  of  which  are  composed  exter- 
nally of  the  original  vitelline  membrane,  and  within  by  the  newly  formed 
cellular  layer,  the  blastoderm  or  germinal  membrane,  as  it  is  called. 

Segmentation  in  the  Chick, — The  embryo  chick  affords  an  illustra- 
tion of  what  is  known  as  incomplete  or  partial  segmentation,  or  mero- 
blastic  segmentation.  In  the  youngest  ova  the  germinal  vesicle  is  situ- 
ated subcentrally,  but  as  development  proceeds  it  passes  to  the  periphery, 
and  the  protoplasm  surrounding  it  remaining  free  from  yolk  granules, 
the  germinal  disc  is  formed.  This  germinal  disc  is  not  marked  out  by 
any  sharp  line  from  the  remaining  protoplasm,  but  passes  insensibly 
into  it.     The  first  change  consists  in  the  appearance  of  a  furrow  run- 
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ning  across  the  disc  diYidiug  it  into  two;  it  does  not  extend  acroai 
the  whole  breadth.  A  secnnd  furrow,  at  right  angles,  cutting  the  first 
a  littk^  eccentrically,  nejct  appears,  and  the  disc  is  thus  cut  into  fottr 
quadrants.  The  furrows  do  not  extend  through  the  whole  thicknesot 
the  disc,  and  the  segments  are  not  separated  out  on  the  lower  aspect 
The  quadrants  are  next  bisected  by  radiating  furrows,  and  the  disc  h 
thus  divided  into  eight  parts.  The  central  portion  of  each  segment  ifi 
now  cut  off  from  the  peripheral  furrow,  so  that  a  number  of  smaller 
centra!  and  larger  peripheral  portions  result  As  the  primary  division 
was  eccentric  and  the  succeeding  followed  the  same  plan,  there  results 
a  bilateral  symmetry ;  but  the  relation  of  the  axis  of  symmetry  and  the 
long  axis  of  the  embryo  is  not  known.  Hapid  division  of  the  eegmeau 
by  furrows  in  various  directions  now  ensues,  and  the  small  central  por- 
tions are  more  rapidly  broken  up  than  tlie  larger,  and  therefore  become 
more  numerous.  During  this  superficial  segmentation  a  similar  pro<^S3 
goes  on  throughout  the  whole  mass,  and  division  goes  on  not  only  by 
vertical  but  also  by  horizontal  furrows.  The  result  of  this  process  o( 
fiegmentatiou  is  that  the  original  germinal  disc  is  cut  into  a  large  nunj-* 
ber  of  sraall  rounded  protoplasmic  cells,  small  in  the  centre,  larger  to 
the  periphery,  and  that  the  superficial  cells  are  smaller  than  those  be- 
low: the  two  original  layers  of  the  bhistorlerm  are  thus  early  repreeentei 
The  process  of  segmentation  proceeds  at  the  periphery  of  the  ger- 
minal disc,  and  at  the  same  time  further  division  of  the  cells  at  the 
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Fifj.  461.— Vertical  aeetlon  of  area  m-llucida  and  nn^a  omca  Hva^  »  >  ■      '  flifut^J  of 

blasUKlerin  of  a  fresh-liair]  egg:  (miiricuijated).     .•?,  siiperflcial  layer  corrf  etnibbA; 

D,  dtiep^r  layer,  corn»pondlu^   to   hyiM>l>liiHt,  and   probably   iti  part    to  i  M,  large 

"foruiative  oeUis.'*  ftUed  with  yolk  p-anule^  aod  lying  on  the  fl*j*ir  of  the  »h  ,^ujTuv4>uc»a  CM^tf, 
A,  tliti  white  yolk  imioedjateiy  underl^'iDg  the  eeffmeiitatioa  carlty,    CBlriclcBr.^ 

centre  pToceeds.  The  nucleus  of  the  original  cell  divides  coincidentlj 
with  the  protoplasm,  and  so  it  comes  that  the  protoplasmic  masses  are 
nncleated;  and  besides  this,  nnclei  derived  from  the  original  nuclens 
are  found  in  the  ovwm  below  the  area  of  segmentation,  and  from  these 
by  the  protoplasm  wliich  surrounds  them  being  constricted  off  with 
them,  supplementary  segmentation  masses  come  to  be  formed.  The 
blastoderm  is  thna  formed  as  the  result  of  segmentation,  and  between  it 
and  the  subjacent  white  yolk  is  a  cavity  containing  fluid.  The  segmen* 
tat  ion  having  been  completed  toward  the  centre,  although  it  still  pro- 
ceeds at  the  periphery,  the  superficial  layer  of  the  blastoderm  becomea 
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a  layer  of  columnar  nucleated  cells,  and  the  lower  layer  consiate  of  larger 
masses  indistinctly  nucleated,  still  granular  and  rounded,  irregularly 
disposed.  In  the  eegnientation  cavity  are  the  supplementary  segmenta- 
tion  massed  or  formative  cells* 

When  the  egg  is  incubated,  rapid  changes  take  place  in  the  blasto- 
derm,  resulting  in  the  formation  liret  of  all  of  two,  then  of  the  three 
layers,  which  have  been  already  mentioned  in  the  first  chapter.  The 
superficial,  or  epiblast,  does  not  at  first  enter  into  these  changes,  but 


FI^,  46S.^Impre«iiat©d  egg,  with  eomiutMictfiPent  ttf  formfttjon  of  embryo;  sbowlug  the  area 
nninatlra  or  ematfOELie  spot,  tho  area  peUucida^  and  tlie  f>rlinitiTe  groove  or  tnu?e. 
itoo. ) 


continues  to  be  a  layer  of  nucleated  columnar  cells*  But  in  the  lower 
layer  of  larger  rounded  cells  certain  of  the  cells  become  flattened  hori- 
zontally, their  granules  disappear,  and  the  nuclei  become  distinct.  A 
membrane  of  flattened  nucleated  cells  is  then  formed,  first  of  all  toward 
the  centre  of  the  area,  afterward  peripherally  also :  this  is  the  hypoblast. 
Betw^een  the  two  layers  some  cells,  not  belonging  to  either  layer,  remain. 
These  cells  are  almost  entirely  at  the  back  part  of  the  area.  The  for- 
mation of  the  intermediate  layer  of  mesoblast  is  more  complicated, 
and  will  now  l>e  described. 

At  this  period  it  is  necessary  to  return  to  the  surface  view  of  the 
blastoderm.  Before  incubation  it  is  seen  to  consist  of  a  more  or  le^ 
circular  transparent  area,  the  area  pellucida,  surrounded  by  an  opaque 
rim,  which  is  called  the  area  opaca,  The  area  opaca  rests  upon  the 
white  yolk:  beneath  the  area  i>ellucida  is  a  cavity  containing  flnid.  In 
the  centre  of  the  area  pellucida  is  a  white  shining  spot,  or  nnchus  of 
Pander^  shining  through.  This  is  the  npper  dilated  extremity  of  the 
flask-shaped  accumulation  of  white  yolk  upon  which  the  blastoderm 
rests. 

The  yellow  yolk  consists  of  spheres  25/Jt  to  lOOpt  in  diameter,  filled  with 
highly  refractive  granules  of  an  albuminous  nature,  and  tlie  w^hite  yelk 
being  distinguished  from  the  yellow  not  only  by  its  lighter  color,  but 
also  because  its  vesicles  are  smaller  than  those  of  the  yellow.     Each  con^ri 
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taina  a  highly  refractive  body.     Some  large  spheros  coDtain  a  namber  oil 
spherulea.     Some  of  these  are  vacuolated.     The  white  yolk  not  only  ed 
velojwa  the  yellow  yolk  in  a  thia  layer,  and  merges  with  the  oentral ' 
j3ask -shaped  iim^,  alreaily  meotioned,  but  also  is  found  in  the  yellow 
yolk,  forming  with  it  ahernate  layers. 

Except  that  the  central  ghioiug  opacity  of  the  pellucid  area  hae  dfah 
appeared,  that  the  size  of  the  area  has  increased,  and  that  the  opaque 


1H^.  463, —Transverse  sect  ton  throu^b  embryo  cbick  (20  bcmri).  m  epiblast;  6»  meaoblaat; 
c.  bnx>l>l«'^:  *f*  eeutml  portion  of  ii]««obl««t«  which  ishere  foaed  with  epiblMi;  «,  prtaUtlf* 
groove;/,  ilonsttl  ridge,     (Kleiu,) 

area  hafl  also  increased,  no  other  change  can  be  remarked  up  to  the  for* 
mation  of  the  two  complete  layers.     There  is,  however,  a  slight  ill 
defined  opacity  at  the  posterior  part  of  the  area  pellucida,  known  as  the 
embryonic  shield.     This  opacity  is  probably  due  to  the  intermeiliato  celli 
already  mentioned  as  existing  between  the  epiblast  and  hypobtafit. 

In  the  posterior  part  of  the  area  pellucida  now  appears  an  opaque 
streak  which  extends  about  a  third  of  the  diameter  of  the  area  towmrd 
the  middle  line.  This  is  the  Primitive  streak.  It  is  found  on  traii»- 
verse  section  of  the  blastoderm  in  this  neighborhood  to  be  duo  to  a  pn>- 
liferation  downward  of  cells  two  or  more  deep  from  the  epiblast.  Tbe 
area  pellucida  now  becomes  oval.     As  the  primitive  streak  becomes  mwt 
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Fi^,  4^.-- Diagram  of  tiiitiffv«-ne  •motion  thrcmrb  an  vmbfyo  beforo  Ui«  cloalB|t4a  of  ib» 
lUfidulmry  irroore.  m,  oeUi  of  epiblnst  Uniafr  the  meduiUty  nw>Te  which  wUl  fortn  th«  mixa^ 
conl;    h.  eplbhwt;  d.  h)i>obl«iK;  tK  oocochord;    it,  nrc^Uifvmbn;  m,  tnevibhiiit;  m,  «4c«  of 

Immtiia  doimUs,  folding  over  luedullary  ^rooire.     CKoUtker.) 

defined  the  area  pellucida  changes  its  oval  for  a  pear  shape,  bat  ibt 
streak  inereasee  in  size  faster  than  the  area,  and  so  after  a  time  is  abool 
two*thirdjs  of  its  length.  In  the  primitive  streak  a  groove,  the  primi* 
tive  ^oove,  runs  along  its  axis.  From  the  primitive  streak  the  eelk 
from  the  under  surface  of  the  epiblast  now  extend  as  lateral  wtoga  lo  Ibt 
#dge  of  the  pellucid  area;  they  are  not  joined  with  the  liypoblaat     Tbi 
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intermediate  layer  of  cells  in  this  position  producing  tlie  primitive 
streak  is  a  portion  of  the  intermediate  layer  or  mesoblast*  It  is 
formed  chiefly  from  the  epiblast,  but  laterally,  especially  in  the  front 
part  of  the  primitive  streak,  it  appeara  to  be  derived  at  any  rate  in  part 
from  the  cells  of  the  primitive  lower  layer.  At  the  most  anterior  part 
of  the  primitive  streak,  at  the  point  which  corresponds  to  the  fntnre 
posterior  end  of  the  embryo,  the  three  layers  are  all  joined  together. 
The  next  important  change  which  occurs  is  foond  in  the  hypoblast  in 
front  of  the  primitive  streak.  The  irregular  layer  of  primitive  cells  of 
which  it  is  composed,  split  into  two  layers,  the  lower  consisting  of  flat- 
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Flff.  4(IBi— Portion  of  the  gerrolnal  membr&ne,  -with  nkllmeDtfi  of  the  embfyo;  from  the  oTum 
of  A  bitch.  The  primiliire  groove,  a,  in  uot  yet  eliMwd,  ancl  at  Its  upper  or  cephalic  end  prvoenta 
IhrtM^  dilatations^  b,  which  oorraapond  to  th*^  three  cJivlHloos  or  vi^iclea  of  the  brain.  At  Its 
lower  extremity  the  ^roovf?  presents  a  laiicet-shap*yl  dilatation  (sinus  rhomhoidalis)  c.  The 
nmrurlnit  of  the  CToove  oonsist  of  clear  peUucid  ner^'e-fiuhmAtice.  Aloae  the  bottom  of  the  Jirroova 
iH  oi>wrvfxl  a  falDt  strealc.  wbich  it*  probably  the  chorda  dorsal  is.  o.  Vertebml  plaCe«. 
(BiBchoET.) 

tened  cells  which  forms  the  hypoblast  proper  and  an  upper  coneiating  of 
several  layers  of  stellate  cells,  the  mesoblast. 

In  the  preceding  account  of  tJie  formation  of  the  blastodermic  lajera.  Bal- 
four's description  has  been  chiefly  followed.  It  differs  somewhat  from  that 
which  was  formerly  given*  The  mesoblast  was  described  as  arising  from  the 
hypoblast,  together  with  some  of  the  hirge  formative  celb,  w^hich  migrate  by 
amf(>lk»i(l  movement  round  the  edge  of  the  hyfM>blast  (fig.  466.  M),  and  no  differ- 
ence was  mada  in  the  formation  of  the  mesoblast  in  the  primitive  streak  and 
elsewhere. 

There  now  appears  in  the  middle  lino  extending  forward  from  the 
primitive  streak  an  opaque  line,  which  proceeds  almost  to  the  anterior 
49 
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edge  of  the  area  pellucida,  stopping  short  at  a  transverse  crescent-shaped 
line,  the  future  headfolcL  "rhia  line  is  the  conimencing  notochoriL 
It  is  a  collection  of  mesoblastic  cells  from  the  hypoblast  in  the  middle 
line,  and  remains  connected  with  the  latter  after  the  lateral  portions  of 
the  mesoblast  have  become  quite  detached  from  it.  The  notochord  and 
the  hypoblast  from  which  it  arises  are  continued  posteriorly  into  the 
primitive  streak.  Thus  the  mesoblast  of  the  area  on  either  side  of  the 
middle  line  in  which  the  embryo  is  formed  arises  from  the  hypoblast.  a« 
does  also  the  notochord.  In  the  formation  of  the  medullary  plate 
which  now  appears,  the  epiblast  is  concerned.  In  the  middle  line  abo?e 
the  collection  of  cells  that  will  become  the  notochord  that  layer  becomes 
thickened.  The  sides  of  the  central  thickened  portion  are  elevated 
somewhat  to  form  the  medullary  folds  inclosing  between  them  the 
medullary  groove.  From  this  medullary  plate  is  formed  the  central 
nervous  system.  Although  behind  the  groove  is  a  shallow  one,  if  it 
be  traced  forward  it  becomes  deeper  and  narrower^  and  at  the  headfold 
the  folds  curve  round  and  meet  in  the  middle  line.  Anterior  to  the 
headfold  is  &  second  fold  parallel  to  it,  which  is  the  commencing  amnion. 


I 


I 


Wig,  465^— Vertical  aectloa  of  btastoderm  of  chick  Hit  day  of  Incubation).     *9,  epfbUit  oqb. 

blast,  iMjiisiatln^  of  a  aing-le  layer  ot  fULtteaed  crXUi  M, 


•tetiog  of  abort  columnar  wlU;  A  h;. 

*'foniuitiTe  cells."  Thoy  art3  aet'tj  on  tlie  right  of  thp  fiimre,  pamin^ 
bypoblast  lo  form  tli«  iue«ol>la»i;  A^  white  yolJc  granules.  Blany  of 
are  seeo  oontaiaia^  ttiese  granules.     (Strieker.) 


in  "between  the  epfblaA  unl 
the  large  "'fannatire  «Ui* 


k 


The  medullary  canal  is  bounded  by  ita  two  folds  or  longitudinal  ele- 
Tations,  laminae  dorsales,  which  are  folds  consisting  entirely  of  celUof 
the  epiblast:  these  gruw  up  and  arch  over  the  medullary  groove  (fig. 
464)  till  after  some  time  they  coalesce  in  the  middle  line,  converting  it 
from  an  open  furrow  into  a  clotjod  tube— the  neural  canal  or  the  prim- 
itive cerebro-spinal  axis.  Over  this  closed  tube,  the  walls  of  which  con- 
sist of  more  or  lees  cylindrical  cells,  the  superficial  layer  of  the  epiblast 
18  now  continued  as  a  distinct  membrane. 

The  union  of  the  medullary  folds  or  laminae  dorsalis  takes  place  first  ^ 
about  the  neck  of  the  future  embryo;  they  soon  after  unit«  over  the 
region  of  the  head,  while  the  closing  in  of  the  groove  progresses  much 
more  slowly  toward  the  hinder  e^xtremity  of  the  embryo.     The  medullary  j 
groove  is  by  no  means  of  uniform  diameter  thronghont,  but  even  before  ■ 
the  dorsal  laminse  have  united  over  it,  is  seen  to  be  dilated  at  the  ante- 
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rior  extremity  and  obscurely  divided  by  constrictioBB  iBto  the  three 
primary  cerebral  vesicles. 

Tlie  purt  from  which  the  spinal  cord  is  formed  is  of  nearly  uniform 
calibre,  while  toward  tlie  posterior  extremity 
is  a  luzGoge-shaped  dilatation,  sinus  rhom- 
boidalis,  which  is  the  last  part  to  close  in 
(rtg.  4i;5). 

Willie  the  changes  which  have  been  de- 
^ril>ed  are  taking  place  in  the  area  pellu- 
ckla,  wliich  has  enlarged  to  a  certain  extent, 
the  area  opaca  has  also  considerably  extended. 
The  hypoblast  and  mesoblast  have  also  been 
prolonged  laterally,  not  by  mere  extension, 
but  also  from  the  germinal  wall,  which  is 
made  np  of  the  thickened  edge  of  the  blasto- 
derm, together  with  formative  cells  of  the 
jolk;  on  each  side  of  the  notochord  and 
medullary  canal,  the  mesoblast  remains  as  a 
longitudinal  thickening. 

It  now  however  splits  horizontally  into 
two  layers  or  laminae  {parietal  and  visceral): 
of  these  the  former,  when  traced  ont  from 
the  central  axis,  Is  seen  to  be  in  close  appo- 
sition with  the  epi blast,  and  gives  origin  to 
the  parietes  of  the  trunk,  while  the  latter 
adheres  more  or  leas  closely  to  the  hypoblast, 
and  gives  rise  to  the  serous  and  muscular 
walls  of  the  alimentary  canal  and  several 
other  parts. 

The  nnited  ^flri^/a/  layer  of  the  mesoblast 
with  the  epi  blast  is  termed  sotnatopleure^ 
the  united  visceral  layer  and  hypobhiat, 
splanthnopleure.  Tlie  space  between  them 
is  the  pleuro-peritoneal  cavity,  which 
becomes  subdivided  by  subsequent  partitions 
into  pericardium,  pleura,  and  peritoneum. 

The  splitting  of  the  mesoblast  extends 
almost  to  the  medullary  canal,  but  a  portion 
on  either  side  (  P.  r.  fig.  468)  remains  undi- 
vided, the  vertebral  plate.  The  divided  portion  is  known  as  the  late- 
ral plate.  The  longitudinal  thickening  of  the  vertebral  plate  is  seen 
after  a  while  to  be  divided  at  right  angles  to  the  medullary  canal  by 
bright  transverse  lines  into  a  number  of  square  segments.     These  aeg* 


Fi*r.  4<i7.  — Embryo  clitck  C38 
hours),  viewetl  frotii  beotfttth  as  tk 
trtkUsiMn-tit.    object    Qnagnffled). 

fit,  outline  of  peUucid  area,  FB^ 
ore -bra  lu,  or  first  cerebral  rest- 
cle:  from,  its  si  d€«  project  *>p,  th© 
optic  vesicle;  A'O,  Ijackward  Umlt 
of  Romatopleun^  fold.  "tucktHl  m** 
under  head;  a,  h*'iid-fol(1l  of  true 
aninUm;  a\  rfftlect^  layer  of  am* 
njoti^  Kou]t>tLui(>#<  termed  "false 
aninlon;'*  lit/.  t*ackwftrd  limit  of 
aplanehnopleurt"  folds,  a  I  o  u  g 
whk'b  run  tbt*  omphaloin^'^faralc 
vi^ins  uoitiui?  to  f()mi  A.tJie  h<'art» 
wbleb  Is  coiitinu*'^]  forwanl  into 
ba,  tlie  bulhus  ait+Tii^uH;  d.  the 
fore-KUt,  lying  Ijehiod  the  heart, 
and  TmviuK   a    wide     crejic<?nlic 


ot>i*t]iiig  between   the   s^idaoehxio- 

pleure    folcbs;    HB,    bind-braia; 

.    tnid-ltraln:   pw   protov 

lyiuif    behind  the   fore-a^t  ^ 

mc,  line  of  junction  of  uiedulTory 


Sleure  folcbs; 
IB,  tnid-l>raln:  p\\  protoverte- 
bru^  lyinif  behind  the  fore-a^t; 
mc,  line  of  junction  of  uiedulTory 
fold?*  and  of  notochord ;  tjtl,  ver* 
t4?brHl  plates;  pr,  the  prlmitiri* 
fiToove  at  Its  caudal  end.  (Foster 
and  Balfour.) 
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ments,  which  are  the  surface  appearance  of  cubes  of  mesoWagt^  are  th# 
mesoblastic  somites  or  protovertebrae.  The  firBt  three  or  four  of 
thi'  protovertebra^  make  their  appearance  in  the  cervical  region,  while 
one  or  two  more  are  formed  io  front  of  this  point:  and  the  eeries  ii 
continued  backward  till  the  whole  medullary  canal  is  flanked  by  tbtni 


iTn 


jif 


Wi. 


PP 


\ 


.^ 


Fig.  4fla— TratumMW  section  rhrough  dorsal  re^ton  of  erolw-T    ^  i 
section  Itrepmented:  tf  eompli^t^d  tt  won  Id  extend  as  for  to  t) 
of  Lbe  medollary  cftiuu  (McJ.    A.,  epibliwt ;  C.  hyt>obtMi,  consist 
cells;   Jfr,  meduUAty  canal ;    Pi%  pnotovertebra;     Wd,   Wolfllati  mi 
mlHnchnoiileyjv ;  pp,  plt^tiro-iMritoQeal  cavity;  ejfc,  notocbord:   ac 
blood  Qell»;  V,  blood- vt'ftsein  of  the  folk-MC.    (Foeter  and  Balfour) 


•  the  r\g^i  of  lbs  llB*  ] 
^1(16  l^ftr  of  fUttoDsd  \ 

<loraal  Aorlii, 


(fig.  467).  That  which  is  first  formed  corresponds  to  the  aecond  csenri- 
cal  vertebra*  From  these  somites  the  vertebrae  and  the  trunk  miiBcl«s 
are  derived. 

Bend  and  Tail  Folds.  Body  Caviiy, — Every  vertebrate  animal  con- 
sists eosentiallj  of  a  longitudinal  axis  (vertebral  column)  with  a  neund 
canal  above  it,  and  a  body-cavity  (containing  the  alimentary  canul) 
beneath. 

We  have  seen  how  the  earliest  rudiments  of  the  central  axis  and  th« 
neural  canal  are  formed ;  we  must  now  consider  how  the  general  body- 


« 


r 


Ti€-m. 


DlaiiTfUiiinatlG  lon^tudlnal  spotton  throucrb  the  axis  of  anembfTA. 
"-fold  hftit  not  yet  appeared.     FSo^  fold  of  ths  r        ' 
lies  outaida  tbeen 
Ion:    D,  Inside  tbei 


.  mit  the  tall-fold  hait  not  yet  appeared, 
fohi  of  the  firpUnchooiileuiv ;  Cli»  ltn«  of  referenoe.  Fin, 

whicli  tniu-kH  off  thf>  oT«riiaastiiffbead  from  tbs  anmloii :    £),  Inside  tbe  emfirro.  Is  that  psft 
wtii.  Vt  i^  tn  tMNOut^  thf^ford»init:lFVe>  and  FWp,  are  both  parta  of  tbs  h«ad«fald,  and  Cv«vm  tsttt 

It 


I  opmcnt  prr>c*««yl«;  p|»  iipaoe  betireso  somato^ltmrf  %.n6  splainibiigulsiWO» 

Am,  cornin«nGln|r  biMid-fold  of  anmloo;  liC   neural  oaaftl;  Ok^  tufU^' 
epiblast,  iDesoblast.  hypoblast.     CFostttr  and  Balfour, ) 


cavity  is  developed.  In  the  earliest  stages  the  embryo  lies  flat  on  th# 
surface  of  the  yolk,  and  is  not  clearly  marked  off  from  the  rest  of  the 
blastoderm:  but  gradually  the  head-fold  or  ereeeentic  deprevion  (with 
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its  concavity  backward)  is  formed  in  the  blastoderm,  limiting  the  head 
of  the  embryo;  the  blastoderm  is,  as  it  were,  tucked  in  under  the  head, 
which  thus  comes  to  project  above  the  general  surface  of  the  membrane: 
a  similar  tucking  in  of  blastoderm  takes  place  at  the  caudal  extremity, 
and  thus  the  head  and  tail  folds  are  formed. 

Similar  depressions  mark  off  the  embryo  laterally,  until  it  is  com- 
pletely surrounded  by  a  sort  of  moat  which  it  overhangs  on  all  sides,  and 
which  clearly  defines  it  from  the  yolk. 

This  moat  runs  in  further  and  further  all  round  beneath  the  over- 
hanging embryo,  till  the  latter  comes  to  resemble  a  canoe  turned  upside- 


Fig.  470.— Diagrammatic  section  showing  the  relation  in  a  mammal  between  the  primitiTe 
alimentary  canal  and  the  membranes  of  the  ovum.  The  stauro  represented  in  this  diagram  cor- 
responds to  that  of  the  fifteenth  or  seventeentii  day  in  the  human  embryo,  previous  to  the  ex- 
pansion of  the  allantois;  c,  the  Tillous  diorion;  a,  the  amnion;  a\  the  place  of  convergence  of 
the  amnion  and  reflection  of  the  false  amnion  a'  a\  or  outer  or  corneous  layer;  e,  the  head  and 
trunk  of  the  emb^ro,  comprising  the  primative  vertebras  and  cerebro-spinal  axis;  {.  L  the  simple 
alimentary  canal  in  its  upper  and  lower  portions.    Immediately  beneath  the  right  hand  t  is 


seen  the  foetal  heart,  lyinfTn  the  anterior  part  of  the  pleuro-peritoneal  cavity;  v,lhe  yolk- 

b;  V  i,  the  vitello-intestinal  opening;  r   "'^-  -"— --^ .^-^  ^ 

(Quato.) 


or  umbilical  vesicle;  vi,  Ihe  vitello-intestinal  openin 
with  the  anal  portion  of  the  alimentary  canal.     "^ 


;  ti,  the  allantois  connected  by  a  pedicle 


down,  the  ends  and  middle  being,  as  it  were,  decked  in  by  the  folding 
or  tucking  in  of  the  blastoderm,  while  on  the  ventral  surface  there  is 
still  a  large  communication  with  the  yolk,  corresponding  to  the  well  or 
undecked  portion  of  the  canoe. 

This  communication  between  the  embryo  and  the  yolk  is  gradually 
contracted  by  the  further  tucking  in  of  the  blastoderm  from  all  sides, 
till  it  becomes  narrowed  down,  as  by  an  invisible  constricting  band,  to 
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ft  mere  pedicle  which  passes  out  of  the  body  of  the  embryo  at  the  point 
of  the  future  umbilicus. 

The  downwardly  folded  portioaa  of  blastoderm  are  termed  the  vis- 
ceral plates. 

Thus  we  see  that  the  bcxly-cavity  is  formed  by  the  downward  folding* 
of  the  visceral  plates,  just  as  the  neural  cavity  is  produced  by  the  up- 
ward growth  of  the  dorsal  laminje,  the  difference  being  that,  in  the  vis- 
ceral or  ventral  lamina*,  all  three  layers  of  the  blastoderm  are  conoenimt 

The  folding  in  of  the  splanchnopleure,  lined  by  liypoblast,  pinches 
off,  ns  it  were,  a  portion  of  the  yelk-sac,  inclosing  it  in  the  body-Cfttity. 
This  forms  the  rudiment  of  the  alimentary  canal,  which  at  this  period 
ends  blindly  toward  the  head  and  tail,  while  in  tlie  centre  it  communi- 
cates freely  with  the  cavity  of  the  yolk-sac  through  the  canal  termed 
vitelline  or  omphalo-mesenteric  duct. 

The  yolk-sac  thns  becomes  divided  into  tw*o  portions  which  commani- 
cate  through  the  vitelline  duct,  that  portion  within  the  body  i^iving 


I 


* 


^.  J»* 


owlnr  three  soooenfTe  stMts  of  dertUtpmeoJL  Ttia»' 
rtna  TvrttcAl  M.ietioiu.  Tht*  yolk-siic,  yit,  is  aeea  progrBaaiv^ly  dtoitiiishlns  in  «lsic  fa  ihm 
mahryo  Itself  the  medullnry  cAnnt  and  uotoebord  mn  aeeo  In  section.  n\  in  iiild<tl«i  Afuret.  iIm 
•llmentaiT  isanal,  becoming  pinchivl  nft,  as  it  wei«,  from  the  folk-iwc:  a*  in  ti#tiVb«tid  tip 

nXary  patmI  ixwnpletely  clo«ied;  o,  in  lut  two  fliffur ' —         — "' — ' 

fith  Anmmtic  flutil;  pjj,  apace  betwvim  amnion  and  eno 

•xid  Ba.itonr,) 


•ifmenta^ry  vatoA  ixumpletety  closed ;  a,  in  lut  two  Affuns^  amnion :  rwr.  cmyrity  of  AtnalOttalliii 

>tic  tlutd;  piu  flpaoe  berwvim  amnion  and  enorion  txmtitiuoiiii  with  Ihw  oilmmO'amfiio- 

i-AvHy  inside  the  body;  vt.  rltelUoe  membrane;  ^i,  >olk-«ac,or  umbllioal  wmkjim.    (fmtm 


rise,  as  above  stated,  to  the  digestive  canal,  and  that  outaide  the 
remaining  for  some  time  as  the  umhiJicaJ  venick  (fig,  47 ti,  yx,), 
hypoblast  forming  the  epithelium  of  the  intestine  ia  of  course  contiiitioiif 
with  the  lining  membrane  of  tlie  nmhilical  vesicle,  while  the  vt«cenil 
plate  of  the  mesoblast  is  continuous  with  the  outer  layer  of  the  umbilical 
vesicle. 

All  the  above  details  will  be  clear  on  reference  to  the  accompaDj ii^ 
diagrams. 

At  the  posterior  end  of  the  embryo  chick,  when  the  amniotic  fold  ia 
oommeneing  to  be  formed,  and  the  hind  fold  of  the  splancbnopleare  bii 
commenrec],  there  remains  for  a  time  a  communication  between  tlie 
neural  canal  and  the  hind  gut,  which  is  called  the  neurenteric  canal. 


I 


A 


I 


I 
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It  passes  in  at  the  point  where  the  notodiord  falls  into  the  primitive 
streak.  The  anterior  part  of  the  primitive  atreak  becomes  tlie  tail 
swelling,  the  posterior  part  atrophies,  and  the  corresponding  lateral 
part  of  the  hlastoderm  forma  part  of  the  body-wall  of  the  embryo. 

The  anterior  part  of  the  medullary  canal  having  been  completely 
roofed  in,  the  foremost  portion  imdergoes  dilatation,  and  a  bulb,  the 
first  or  anterior  cerebral  vesicle,  residta.  From  either  side  of  this 
dilatation  u  process,  the  cavity  of  wiiich  is  in  commonication  with  it, 
is  separated  olT,  which  is  called  the  optic  vesicle. 

Behind  the  first  cerebral  vesicle  two  other  vesicles  now  arise,  the 
second  or  middle,  and  the  third  or  posterior  cerebral  vesicle,  and 
at  the  pusterior  part  of  the  head  two  small  pits,  the  auditory  vesicles 
or  pits,  are  to  be  seen.  The  folding  of  the  head,  it  Bhould  be  recol- 
lected, is  the  cause  of  the  inclosure  below  the  neural  canal  {fig.  409)  of 
a  canal  endiug  blindly,  which  has  in  front  the  sjilanchnopleure,  and 
which  is  just  as  long  as  the  involution  of  that  membrane.  This  canal 
is  the  fore-gut.  lu  the  interior  of  the  splanclmopleure  fold  below  it 
(as  seen  in  fig.  4fi^i)  in  the  pleuro-peritoneal  cavity  the  heart  is  formed, 
\t  the  point  where  the  splanchnopleure  makes  its  turn  forward.  It 
arises  as  a  thickening  of  the  mesoblast  on  either  side  as  the  two  splanchno- 
pleure folds  diverge,  and  of  a  thickening  of  the  mesoblast  at  the  point 
of  divergence.  So  that  at  first  the  nuliment  of  the  heart  is  like  an 
inverted  V,  which  by  the  gradual  coming  together  of  the  diverging 
cords  is  converted  into  an  inverted  Y. 

The  cylinders  become  hollowed  ont,  and  are  thus  converted  into 
tubes,  which  then  coalesce.  Layers  are  separated  of?  toward  the  interior, 
which  become  the  epithelial  lining,  and  the  mass  of  the  mesoblast  sur- 
rounding this,  afterward  form  the  muscle  and  serous  covering,  while  at 
first  the  rudimentary  organ  is  attached  to  the  gut  by  a  meso blast ic  mes- 
entery, the  meMwardium. 

FtETAL  Membra jfES. 

Umbilical  Vesicle  (Tolk'sae), — ^The  splanchnopleure,  lined  by  hy- 
poblast, forms  the  yolk-sac  in  reptiles,  birds,  and  mammalB;  bnt  in 
amphibia  and  fishes,  since  there  is  neither  amnion  nor  Hlianiois,  the  wall 
of  the  yolk-sac  consists  of  all  three  layers  of  the  blastoderm,  inclosed,  of 
course,  by  the  original  vitelline  membrane. 

The  body  of  the  embryo  becomes  in  great  measure  detached  from 
the  yolk-sac  or  umbilical  vesicle,  which  contains,  however,  the  greater 
part  of  the  snbstance  of  the  yolk,  and  furnishes  a  source  whence  nutri- 
ment is  derived  for  the  embryo.  This  nutriment  is  absorbed  by  the 
nnmerona  vessels  (omphalo-mesenteric)  which  ramify  in  the  walls  of  the 
yolk-sac,  forming  what  in  birds  is  termed  the  area  vasculosa.     In 
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birds,  the  contents  o!  the  yolk-siic  afford  nrmrislimont  nntil  the  end  < 
incubation,  and  the  omphiilo-mesenteric  veaaels  are  developed  to  a  corre- 
sponding degree;  but  in  mumojulia  the  office  of  the  umbilicitl  Tdiicio 
ceases  at  a  very  early  period,  as  tiie  quantity  of  tlie  yolk  is  smalU  and 
the  embryo  soon  becomes  independent  of  it  by  the  connections  it  fonna 
with  the  parent.  Moreover,  in  hirda  as  the  sac  is  emptied,  it  ib  gmda- 
ally  draiiru  into  the  abdomen  through  the  umbilical  opening,  which  tbeo 


PIgr.  474.  Fig,  frSb 

F(f;.  474.  ^IHat^nun  abowio^  TaacuXftr  ftraft  In  the  chick,    a,  Arm  peUuclda ;  b.  anan 

Flj<,  475.— Human  tunbryo  of  fifth  week  vtMh  umblUcal  venicle;  about  iiAtiuml  llML 
The  hiuiuui  umbtlicfU  yealcle  never  eicotxMjii  tlw  aixe  of  a  small  p«a. 

closes  over  it:  but  in  mammalia  it  always  remains  on  the  outside;  i&d 
as  it  is  emptied  it  contracts  (fig.  473),  shrivels  up,  and  togeth€*r  with 
the  part  of  its  duct  cxtcrual  to  the  abdomen ,  h  de tacit cd  and  disappearB, 
either  before  or  at  the  termination  of  intra-uterine  life,  the  period  of 
it^  disappearance  varying  in  tUITerent  orders  of  mammalia. 

When  blood-vessels  begin   to  be  developed,  they  ramify  largely  Ofir  I 
the  walls  of  the  umbilical  vesicle,  and  are  actively  concerned  iu  absorb* 
ing  its  contents  and  conveying  them  away  for  the  nutrition  of  tlis  | 
embryo. 

At  an  early  stage  of  development  of  the  foetus,  and  some  time  before 
the  completion  of  the  changes  which  have  been  just  de8crilK*d,  two  im* 
portant  structures,  called  respectively  the  amnion  and  the  alian/ois^  i 
to  be  formed. 

Amnion. — The  amnion  is  produced  as  follows: — Beyond  the  he 
and  tai Infolds  before  descril>ed  (p.  744),  the  aomatopleure  coated  by  epi- 
blast,  is  raised  into  folds,  which  grow  up,  arching  over  the  embryo,  not 
only  anteriorly  and  posteriorly  but  also  laU*rally,  and  all  conrerging 
toward  one  point  over  its  dorsal  surface  (fig.  47f*).  Tbe  growing  tip  of 
these  folds  from  all  sides  and  their  convergence  toward  one  point  very 
doeely  resembles  the  folding  inward  of  the  visceral  plates  already  d#* 
ecribed,  and  hence,  by  some,  the  point  at  which  tbe  amniotic  fo 
meet  over  the  hack  has  t>een  termed  the  nmniotie  nmhilims. 

The  folds  not  only  come  into  contact  but  coalesoe*     The 
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the  two  layers  forms  the  true  amnion^  while  the  outer  or  reflected  layer, 
sometimes  termed  the  false  amnion^  coalesces  with  the  inner  surface  of 
the  original  vitelline  memhrane  to  form  the  subzonal  membrane  or 
false  chorion.  This  growth  of  the  amniotic  folds  must  of  course  be 
clearly  distinguished  from  the  very  similar  process,  already  described,  by 
which  at  a  much  earlier  stage  the  walls  of  the  neural  canal  are  formed. 

The  cavity  between  the  true  amnion  and  the  external  surface  of  the 
embryo  becomes  a  closed  space,  termed  the  amniotic  cavity  {aCy  fig.  473). 

At  first,  the  amnion  closely  invests  the  embryo,  but  it  becomes  grad- 
ually distended  with  fluid  {liquor  ammi)y  which,  as  pregnancy  advances, 
reaches  a  considerable  quantity. 

This  fluid  consists  of  water  containing  small  quantities  of  albumen 
and  urea.  Its  chief  function  during  gestation  appears  to  be  the  me- 
chanical one  of  affording  equal  support  to  the  embryo  on  all  sides,  and 
of  protecting  it  as  far  as  possible  from  the  effects  of  blows  and  other 
injuries  to  the  abdomen  of  the  mother. 

The  embryo  up  to  the  end  of  pregnancy  is  thus  immersed  in  fluid, 
which  during  parturition  serves  the  important  purpose  of  gradually  and 
evenly  dilating  the  neck  of  the  uterus  to  allow  of  the  passage  of  the  foetus : 
when  this  is  accomplished  the  amniotic  sac  bursts,  and  the  waters  escape. 

On  referring  to  figs.  471,  472  and  473,  it  will  be  obvious  that  the 
cavity  outside  the  amnion,  between  it  and  the  false  amnion,  is  continu- 
ous with  the  pleuro-peritoneal  cavity  at  the  umbilicus.  This  cavity  is 
not  entirely  obliterated  even  at  birth,  and  contains  a  small  quantity  of 
fluid,  which  is  discharged  during  parturition  either  before,  or  at  the 
same  time  as  the  amniotic  fluid. 

Allantois. — Into  the  pleuro-peritoneal  space  the  allantois  sprouts 
out,  its  formation  commencing  during  the  development  of  the  amnion. 

Growing  out  from  or  near  the  hinder  portion  of  the  intestinal  canal 
(c,  fig.  476),  with  which  it  communicates,  the  allantois  is  at  first  a  solid 
pear-shaped  mass  of  splanchnopleure ;  but  becoming  vesicular  by  the 
projection  into  it  of  a  hollow  outgrowth  of  hypoblast,  and  very  soon 
simply  membraneous  and  vascular,  it  insinuates  itself  between  the  amni- 
otic folds,  just  described,  and  comes  into  close  contact  and  union  with 
the  outer  of  the  two  folds,  which  has  itself,  as  before  said,  become  one 
with  the  external  investing  membrane  of  the  egg.  As  it  grows,  the 
allantois  develops  muscular  tissue  in  its  external  wall  and  becomes  ex- 
ceedingly vascular;  in  birds  (fig.  477)  it  envelops  the  whole  embryo — 
taking  up  vessels,  so  to  speak,  to  the  outer  investing  membrane  of  the 
eggy  and  lining  the  inner  surface  of  the  shell  with  a  vascular  membrane, 
by  these  means  affording  an  extensive  surface  in  which  the  blood  may 
be  aerated.  In  the  human  subject  and  in  other  mammalia,  the  vessels 
carried  out  by  the  allantois  are  distributed  only  to  a  special  part  of  the 
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outer  membrant?  or  false  ehorion^  where,  by  interhicemeDt  with  the  Tii* 
ciilar  gystetn  of  the  mother,  i\  structure  called  the  placenta  is  developed* 
In  mammalia,  as  the  visceral  lamiuie  close  in  the  abdominal  t^avity, 
tbe  aOantois  Ia  thereby  di?ided  at  the  umbilicuB  into  two  portton«;  the 
juter  part,  extending  from  the  ombilicus  to  the  choriony  soon  shrivelling; 
while  the  inner  part  remaining  in  tbe  abdomen,  is  in  piirt  con  verted  into 
the  urinary  bladder;  the  portion  of  the  inner  part  not  so  ooiiverted, 
extending  from  the  bladder  to  the  umbilicng,  under  the  name  of  tb© 
urathus.  ilfter  birth  the  umbilical  cord,  and  with  it  the  extermil  lind 
shrivelled  portion  of  the  allantois,  are  cast  oft  at  tbe  nmbilicns,  while 
the  urachns  remains  as  an  impervious  cord  stretched  from  the  top  of 
the  urinary  bladder  to  the  umbilicus,  in  the  middle  line  of  the  body, 
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Fig.  476, 

FiR   4?1— Dlaffnm  of  fecuoil«tod  egg.    a,  umblHcftl  vralcle;  b,  «mtilo(lc  avltf ;  e,  AllaaMi. 

CDaUon.) 

Fit;.  477 —Fecundated  ogig^wlth  ftUADtoU  nearlr  complete,  a.  Inner  Uyer  of  »miil<«etc  fotd: 
b,  outer  layer  of  ditto;  c.  point  whi?!^  Urn  amniotic  foldB  come  In  contact  Ttn*  Allftntol*  !■ 
•eea  pentrtratiug  between  the  ciut«r  sud  inoer  layers  of  tlie  amiifotic  foldtt.  Thift  flfunv  wUefe 
reprBMCotR  only  the  amBtotfc  folds  and  the  partH  within  them«  should  be  eoiupM^  trlth  fljj^ 
m,  I7»,  In  which  wilt  be  fotiud  lh«'  }*tnicture«  extemftl  to  thp«e  f«Iil«,     cn«ftltao,) 


immediately  beneath  the  parietal  layer  of  the  peritoneum.  It  is  some- 
times enumerated  among  tbe  ligamenta  of  the  bladder. 

It  must  not  be  supposed  that  the  phenomena  which  have  been  suc- 
cessively described,  occur  in  any  regular  order  one  after  another.  On 
tbe  contrary,  the  development  of  one  part  is  going  on  side  by  side  with 
that  of  another. 

The  Chorioii. — It  has  been  already  remarked  that  the  allantois  is 
a  structure  which  extends  from  the  body  of  the  fostus  to  the  outer  in- 
Testing  membrane  of  the  ovum,  that  it  insinuates  itself  between  the  two 
layers  of  the  amniotic  fold,  and  be^^omes  fnsed  with  the  outer  layer, 
which  has  itself  become  previously  joined  with  the  vitelline  membmni^ 
By  those  means  the  external  investing  membrane  of  the  onim,  or  th« 
true  chorion,  as  it  is  now  called,  represents  three  layers,  namely,  the 
original  vitelline  membrane,  tbe  outer  layer  of  the  amniotic  fold«  and 
the  allantois. 

Very  soon  after  the  entrance  of  the  orum  into  tbe  ntema,  in  tlia 
human  subject^  the  outer  surface  of  the  chorion  is  found  beset  with  flat 
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Fi«   47A.  FiK  47tt. 

Itn  478  and  479.— a,  trhorioo  witli  villi,  The  villi  aiv  Bhown  to  be  best  tlt'vt'lopf'rl  In  the 
^_rt  oC  the  eborlCKn  to  which  tht?  all antoiH  i«»  d^xt-endlnir;  thiii  portion  i]iltlirni].tc>l3r  h**comea  the 
plAoeata;  b,  space  between  thf"  twn  Inyt*™  of  tb'*  Aninlon:  r,  amuiotirrjiviiy:  *i.  sittmlion  f>f  th^ 
Inteitlne.  thowlnir  itg  connection  with  the  unibiUcal  vesicle;  e^  umhlUcal  vtnfiele;/,  Hitualion  of 
heart  and  reaseU;  g^  allaotois. 

them  of  loops  of  capilluries  (flg.  480) ;  and  the  latter  at  length  form  the 
minute  extremities  of  the  blood-vessels  which  are,  so  to  8|)eiik,  conducted 
from  the  foetus  to  the  chorion  by  the  allantois.  The  function  of  the 
villi  of  the  chorion  is  evidently  the  absorption  of  nutrient  matter  for 
the  fcetus;  and  this  is  probably  supplied  to  them  at  first  from  the  fluid 
matter,  secreted  by  the  follicular  glands  of  the  uterus,  in  which  they 
are  soaked.  Soon,  however,  the  fcetal  vesstOs  of  the  villi  come  into 
more  intimate  relation  with  the  vessels  of  the 
uterus.  The  part  at  which  this  relation  between 
the  vessels  of  the  foetus  and  those  of  the  parent 
ensues,  is  not,  how^ever,  over  the  whole  surface  of 
the  chorion;  for,  although  all  the  villi  become 
vascular,  yet  they  become  indistinct  or  disappear 
except  at  one  part  where  they  are  greatly  devel- 
oped, and  by  their  branching  give  riRe,  with  the 
vessels  of  the  uterus,  to  the  formation  of  the 
pincenfa. 

To  understand  the  manner  in  which  the  fcefal 
and  nutiernal  blood-vessels  come  into  relation 
with  each  other  in  the  placenta,  it  is  necessary 

briefly  to  notice  the  changes  which  the  uterus  undergoes  after  impreg- 
nation. Tliese  changes  consist  especially  of  alterations  in  structure  of 
the  superficial  part  of  the  mucous  membrane  which  lines  the  interior  of 
the  uterus,  and  which  forms,  after  a  kind  of  development  to  be  imme- 


Fi«.  48QL 


ji 


HANDBOOK   OF   PHYSIOLOOY. 


diately  described,  the  membranu  deddua^  bo  called  on  aceoant  of  it» 
being  diacharged  from  the  uterus  at  birth. 


Formation  of  the  Placenta. 

The  mucous  membrane  of  the  human  uteruft|  which  conftists  of  a 
matrix  of  connective  tissue  containing  numerous  eorpudclee,  and  ifi  lined 
internally  by  columnur  ciliated  epithelium,  is  abundantly  beset  with 
tubular  glands,  arranged  perpendicularly  to  the  surface  (fig.  481),    Theti 


Fl^.  4SK'-€eoiloii  of  tbe  Unini?  membmtio  of  •  huniiin  uterus  At  Mm  period  of  _^^^.^ 
yngoMXsy  showiiig  the  Arrangement  and  other  peculiarities  of  Uie  glAim  <!»  d,  ti,  with 
orube%  a«  a,  a,  on  the  intenud  surf  ac«>  of  tbe  orgiUL     Twict*  tlie  ikftfeiir^  tiae. 

follicles  are  yery  small  in  the  unimpregnated  uterus;  but  when  examined 
shortly  after  impregnation,  they  are  found  elongated,  enlarged^  and 
much  waved  and  contorted  toward  their  deep  and  closed  extremityt 
which  is  x^^^^^  ^^  some  depth  in  the  tissue  of  the  uterus,  and  may 
dilate  into  two  or  three  closed  succuli. 

The  glands  are  lined  by  columnar  (  (?)  ciliated)  epithelium  and  thtf 
open  on  tlie  inner  surface  of  the  mucous  membrane  by  small  round  ori- 
fices set  closely  together  (n,  «,  fig.  481). 

On  the  internal  surfaee  of  the  mucous  membrane  may  be  seen  the 
circular  orifices  of  the  glands,  many  of  which  are,  in  the  early  period  of 
pregnancy,  surrounded  by  a  whitish  ring,  formed  of  the  epitbeliOJii 
which  lines  the  folticles, 

Coincidently  with  the  occurrence  of  pregnancy,  important  dumgei 
occur  in  the  structure  of  the  mucous  membrane  of  the  uterus.  Tbt 
epithelium  and  sub-epithelial  connective  tissue,  together  with  the  tabu- 
lar glands,  increase  rapidly,  and  there  u  a  greatly  increased  Tasctilarity 
of  the  whole  mucous  membrane,  the  vessels  of  tha  mucous  membrane 
becoming  larger  and  more  numerous;  while  a  su Instance  composed  chiefly 
of  nucleated  cells  fills  up  the  interfollicular  spaces  in  which  the  blood- 
Teasels  »re  contained.  The  effect  of  these  changes  is  an  increased  thick* 
Bes,  softness,  and  vascularity  of  the  mucous  membrane,  the  superfii^ial 
part  of  which  itself  forma  the  membrana  decidua. 

Tbe  object  of  this  increased  development  seems  to  be  the  productidn 


I 

I 

I 


DEVELOPMENT. 


769 


of  nutritive  materials  for  the  ovum ;  for  the  cavity  of  the  uterus  shortly 
becomes  filled  with  secreted  fluid,  consisting  almost  entirely  of  nucleated 
cells  in  which  the  chorion  villi  are  imbedded. 

When  the  ovum  first  enters  the  uterus  it  becomes  imbedded  in  the 
structure  of  the  decidua,  which  is  yet  quite  soft,  and  in  which  soon 
afterward  three  portions  are  distinguishable.  These  have  been  named 
the  decidua  veruy  the  decidua  reflexa^  and  the  decidim  aeroiina. 

The  first  of  these,  the  decidua  vera,  lines  the  cavity  of  the  uterus; 
the  second,  or  decidua  reflexa,  is  a  part  of  the  decidua  vera  which  grows 
up  around  the  ovum,  and  wrapping  it  closely,  forms  its  immediate 
investment. 

The  third,  or  decidua  serotina,  is  the  part  of  the  decidua  vera  which 
becomes  especially  developed  in  connection  with  those  villi  of  the  cho- 
rion, which,  instead  of  disappearing,  remain  to  form  the  foetal  part  of 
the  placenta. 

In  connection  with  these  villous  processes  of  the  chorion,  there  are 
developed  depressions  or  crypts  in  the  decidual  mucous  membrane,  which 
correspond  in  shape  with  the  villi  they  are  to  lodge;  and  thus  the  chori- 
onic villi  become  more  or  less  imbedded  in  the  maternal  structures. 


Fi|r-  482.  —Diagram  of  an  early  stage  of  the  formatioii  of  the  hunuui  placenta,  a,  embryo; 
6,  amnion;  e,  placental  veasels;  d,  decidua  reflexa;  e,  allantois;  /,  placental  riUi;g^  mucous 
membrane.    (OMliat.) 

These  uterine  crypts,  it  is  important  to  note,  are  not,  as  was  once  sup- 
posed, merely  the  open  mouths  of  the  uterine  follicles. 

As  the  ovum  increases  in  size,  the  decidua  vera  and  the  decidua 
reflexa  gradually  come  into  contact,  and  in  the  third  month  of  preg- 
nancy the  cavity  between  them  has  almost  disappeared.  Though  the 
two  layers  come  into  contact  at  the  third  month,  they  are  not  doselj 
amalgamated  until  the  end  of  the  sixth  ihonth. 

The  Placenta. — During  these  changes  the  deeper  part  of  the  mn- 
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eoQi  membrmne  of  the  atenu,  at  and  near  the  region  wh€!re  the  ] 
u  placed,  beoomes  hollowed  oat  by  sinoflei,  or  caremoiiB  ifMoes,  whkk 
communicate  on  the  one  hand  with  arteries  and  on  the  other  with  veins 
of  the  a  tenia*  Into  these  sinoaeg  the  ?illi  of  the  chorion  protrade, 
piubiiig  the  thin  wail  of  the  sinns  before  them«  and  ao  come  into  inti- 
mate relation  with  the  blood  contained  in  them.  Thsre  is  na  dirmi 
comtnunimium  between  ihe  blmd-ve^sels  of  th^  mother  atul  thoie  of  HU 
fmiun:  hut  the  layer  or  layers  of  membrane  intervening  between 
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¥{^.  48H,'  l>iJtjrr*minaUe  wimw  of  n  veriieml  trtiiisTerse  aectioti  of  the  litems  &!  Uie  fervaUk 
or  iMjfhtli  WiM^k  of  pr»*K«*"»cy.  f,  c.  c\  mvity  of  ytt^rus,  which  becomes  the  cavity  of  the  decidiu^ 
orH'tiliiK  Ell  •%  (',  ilii'>  I'ortiua,  ttito  the  Fill Ii 4111111  tubcst,  and  at  c'  Into  the  cavity  of  the  oerrii, 
wlih'li  Im'luwti  by  ft  jiUi^  of  mucuA;  d  %\  dirjthm  vtra;  (f  r,  iltrcidua  n?fl<»x»,  with  the  spaiMr 
%^(IU  hulM*il(l*Ml!  in  ltd  Hul)Ht4imv;  d  #,  deeidua  siertJtinA.  iuvolTiufir  the  mor*?  dcreloped  chorio&ie 
villi  of  III*'  cnMiuuMiciuif  |tlac«Hitii.  The  fa*tu»  fe4.s<LH<ii  lying  iti  the Mnni otic  so*::  pusingupfnm 
thi*  iiiiitil^llk'uiHi  IH  M%*n  theuuibtlW&l  eord  and  its  ve»ifl<elsi,  paaaiog  to  th^ir  distributioD  In  t 
of  thi*  cborluii ;  Also  tli(»  pedlele  of  tbt^  v<dk'Siio,  whkdi.  fiea  in  the  cavity  lietween  the  j 
and  I'll u Hon.     lAtlen  Thomson/) 
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blootl  of  the  one  and  of  the  other  offer  no  obstacle  to  a  free  interchangie 
of  matters  liotwoen  them  by  diffusion  and  osmosis.  Thus  the  villi  of  the 
chtuntHj  containing  fuHal  blood,  are  bathed  or  soaked  in  maternal  blood 
eontniiied  in  the  uterine  sinuses.  The  arrangement  may  be  ron^Uy 
compared  to  filling  a  glove  with  fietal  blood,  and  dipping  ita  fingeit 
into  a  vesaol  contniniDg  maternal  blood.  But  in  the  fcetal  villi  there  isa 
couataiit  stream  of  blood  inU>  and  out  of  the  loop  of  capillary  blood^ve 
contained  in  it,  m  there  is  also  into  and  out  of  the  maternal  sino 
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It  would  seem  that,  at  the  villi  of  the  placental  tufts,  where  the 
foetal  and  maternal  portions  of  the  placenta  are  brought  into  close  rela- 
tion with  each  other,  the  blood  in  the  vessels  of  the  mother  is 
separated  from  that  in  the  vessels  of  the  foetus  by  the  intervention  of 
two  distinct  sets  of  nucleated  cells  (fig.  484).  One  of  these  (b)  belongs 
to  the  maternal  portion  of  the  placenta,  is  placed  between  the  membrane 
of  the  villus  and  that  of  the  vascular  system  of  the  mother,  and  is  prob- 
ably designed  to  separate  from  the  blood  of  the  parent  the  materials 
destined  for  the  blood  of  the  foetus;  the  other  (/)  belongs  to  the  foetal 
portion  of  the  placenta,  is  situated  between  the  membrane  of  the  villus 
and  the  loop  of  vessels  contained  within,  and  probably  serves  for  the 
absorption  of  the  material  secreted  by  the  other  sets  of  cells,  and  for  its 
conveyance  into  the  blood-vessels  of  the  foetus.  Between  the  two  sets  of 
cells  with  their  investing  membrane  there  exists  a  space  ((Q,  into  which 
it  is  possible  that  the  materials  secreted  by  the  one  set  of  cells  of  the 
villus  are  poured  in  order  that  they  may  be  absorbed  by  the  other  set, 
and  thus  conveyed  into  a  foetal  vessel. 

Not  only,  however,  is  there  a  passage  of  materials  from  the  blood  of 
the  mother  into  that  of  the  foetus,  but  there  is  a  mutual  interchange  of 


Fig.  484.— Extremity  of  a  placental  villus,  a,  lining  membrane  of  the  Taaoolar  syBtem  of 
the  mother;  b.  cells  immediately  lining  a:  d,  space  between  the  maternal  and  festal  pcnrtions  of 
the  villus;  «,  internal  membrane  of  the  yiUiuL  or  external  membrane  of  the  chorion;  /,  internal 
cells  of  the  villus,  or  cells  of  the  chorion;  g,  loop  of  umbilical  vessels.    (Ooodsir.) 

materials  between  the  blood  both  of  foetus  and  of  parent;  the  latter  sup- 
plying the  former  with  nutriment,  and  "in  turn  abstracting  from  it 
materials  which  require  to  be  removed. 

The  placenta,  therefore,  of  the  human  subject  is  composed  of  a 
foetal  part  and  a  maternal  part, — the  term  placenta  properly  including 
all  that  entanglement  of  foetal  villi  and  maternal  sinuses,  by  means  of 
which  the  blood  of  the  foetus  is  enriched  and  purified  after  the  fashion 
necessary  for  the  proper  growth  and  development  of  those  parts  which 
it  is  designed  to  nourish. 

The  whole  of  this  structure  is  not,  as  might  be  imagined,  thrown 
off  immediately  after  birth.  The  greater  part,  indeed,  comes  away  at 
that  time,  as  the  after-birth;  and  the  separation  of  this  portion  takes 
place  by  a  rending  or  crushing  through  of  that  part  at  which  its  cohe- 
sion is  least  strong,  namely,  where  it  is  most  burrowed  and  undermined 
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by  the  caveraous  spaces  before  referred  to.  In  this  way  it  is  cast  off 
with  the  foetal  membrane  and  the  decidua  vera  and  reflexa,  together 
with  a  part  of  the  decidua  serotina.  The  remaining  portion  withers, 
and  disappears  by  being  gradually  either  absorbed,  or  thrown  off  in  the 
uterine  discharges  or  the  foc&ia,  which  occur  at  this  period. 

A  new  mucous  membrane  is  of  course  gradually  developed,  as  the 
old  one,  by  its  transformation  into  the  decidua,  ceases  to  perform  its 
original  functions. 

The  umbilical  cordy  which  in  the  latter  part  of  fcetal  life  is  almost 
solely  composed  of  the  two  arteries  and  the  single  vein  which  respectiyely 
convey  foetal  blood  to  and  from  the  placenta,  contains  the  remnants  of 
other  structures  which  in  the  early  stages  of  the  development  of  the 
embryo  were,  as  already  related,  of  great  comparative  importance.  Thus, 
in  early  foetal  life,  it  is  composed  of  the  following  parts : —  (1. )  Externally, 
a  layer  of  the  amnion,  reflected  over  it  from  the  umbilicus.  (2)  The  um- 
bilical vesicle  with  its  duct  and  appertaining  omphalo-mesenteric  blood 
vessels.  (3.)  The  remains  of  the  allantois,  and  continuous  with  it  the 
urachus.  (4.)  The  umbilical  vessels,  which,  as  just  remarked,  ultimately 
form  the  greater  part  of  the  cord. 

The  Development  of  the  Oboans. 

Before  considering  very  briefly*  the  main  points  in  the  development 
of  the  chief  organs  and  tissues  of  the  body,  it  will  be  useful  to  have 
before  us  the  following  table,  compiled  by  Schafer,t  showing  the  differ- 
ent parts  derived  from  the  three  blastodermic  layers: — 

From  the  Epihlast, — The  whole  of  the  nervous  system,  including 
not  only  the  central  organs  (brain  and  spinal  cord),  but  also  the  peri- 
pheral nerves  and  sympathetic. 

The  epithelial  structures  of  the  organs  of  special  sense. 

The  epidermis  and  its  appendages,  including  the  hair  and  nails. 

The  epithelium  of  all  the  glands  opening  upon  the  surface  of  the 
skin,  including  the  mammary  glands,  the  sweat  glands  and  the  sebaceous 
glands.     The  muscular  fibres  of  the  sweat  glands. 

The  epithelium  of  the  mouth  (except  that  covering  the  tongue,  and 
the  adjacent  posterior  part  of  the  floor  of  the  mouth,  which  is  derived 
from  the  hypoblast),  and  that  of  the  glands  opening  into  it. 

The  enamel  of  the  teeth. 

The  epithelium  of  the  nasal  passages,  of  the  adjacent  upper  part  of  the 
pharynx  and  of  all  the  cavities  and  glands  opening  into  the  nasal  pas- 


*  For  a  more  detailed  account  the  reader  is  referred  to  special  text-books  of 
embryolo^. 

t  Quain's  Anatomy,  Xth  Ed.,  Vol.  I.,  Part  I.,  p.  25. 
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Prom  tlic  j\fesohIasL—ThQ  urinary  and  generative  orgiins  (except  the 
epithelium  of  tlit^  urinary  Matliler  and  urethra). 

All  the  voloutury  and  invohmtary  mnscles  of  the  body  (except  the 
mnsciilar  fibres  of  the  sweat  glands). 

The  whole  of  the  viiacular  and  lymphatic  systenij   inckding   tho 
serous  membranes  ami  sjdeen* 

The  skolefeon  and  all  the  connective  tiesuesand  structures  of  the  body. 

From  the  IhjpoMmt. — The  epithelium  of  the  alimentary  ciunil  from 
the  buck  of  tlie  mouth  to  the  unnri,  and  that  of  all  the 
open  into  tliis  part  of  the  aJimcntury  tul)e. 

The  epithelium  of  the  Eustachian  tube  and  tympanum. 

The  epithelium  of  tho  bronchial  tubes  and  air  tiacs  of  the  lunga* 

The  epithelium  lining  the  vesicles  of  the  thyroid  body. 

Tlie  epithelial  nests  of  the  thj-mng. 

The  epithelium  of  the  urinary  bladder  and  urethra. 

It  remains  now  to  consider  in  succession   the  development  of  the 
several  organs  and  systems  of  organs  in  the  further  progress  of  the 
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\F,  '^h\  etc..  first,  sec'nnd,  lh\n\,  ami  fourtb  viiHH-ml  FoIiIm;  I;  (Ifth  n^'^v^i^  w-iiilJuiir  *ni**  bran 
I  (ophihalifiio>  Uy  th(*  eye,  and  unother  to  thi^  first  viHtvTnl  urch ;  17/.  wverittti  n;prvt\  pa^lnir  r^  I 
I  ■ec"*»ud  vi*r,>»rul  iirch:  (/ Pft,  ulua»o-pliiin  jte^*al  nerve,  passine  tii  tlu^  thirtl  vist-iM-iil  ari'^ri;/^ 
t  piiHdiinj^aNirie  nerve,  piK»1iii>^  t^>wrar<l  tiif  fourth  vlsccml  ftrth:  i  r,  iiive**tiiip  maiM*;  rh,.  no 
r       chorrJ;  it»  front  hihI  cunont  Im*  sf«<»n  in  the  llvine  ^^mbrvo.  ami  It  dot«  nut  eml  afi  ftliown  in  iWl 


Y\k*  485,— Embryo  chJck  f4th  Uay>.  vSewtnl  im  a  tranRfHirpiit  abjwt,  Jyln^  on  ite  left  side 
Cma^ified).  U  H,  Lvrebral  hem  i  sphere*:  F  R  forebi^Ain  or  vesiiie  of  third  ventrieh%  with  Pa, 
plneiLt  Kland  |irojwtin^  fnim  iLs  summit;  5f  H,  mid  liraln;  Ch,  cen/tN^Uuro;  /H  i\  fourth  ven- 
tricle; jL,  lens;  c  h  n.  L'hor«jhlftl  slit:  CVn  T,  aydltorv  v**HlHe:  *  ni.  sii|>erlur  niajcillary  process; 
IF,  '^F,  etc..  first,  second,  third,  and  fourth  vii^H-ral  folds;  i;  (Ifth  nerve,  send hiiir  *me  branch 
■  •  ■        ■      '  '--  \f  the 

uoto- 
c-horrl;  it»  front  end  enhoot  be  seen  in  the  llvinff  <^mbrvo.  ami  It  does  not  end  afi  fthowii  in  lh**fijr- 
ure,  hilt  takeitn  sudden  iN^nd  downwarfl.  ftnrl  then  terndnates  in  a  jwdnt:  fit.  heart  ^een  through 
tlie  walls  of  the  ehejJJt:  M  P  niusele  plat<»s:  IV.  wine,  showing:  commencing  diflTerentintioti  of 
aefnnents,  ciirreapondinar  to  Artn.  forearm,  and  hatid;  H  L,  hind  limb,  as  yet  u  tihni>'Ies»  bud, 
showing  no  differentiation.     Beneath  it  is  seen  the  curved  talL     (Fost^^r  Qiad  Balfour  ) 

ombrv^o.     The  accompiinying  figure  (fig*  48/5)  shows  the  chief  organs  of 
the  body  in  a  moderately  early  stage  of  development 

The  Vertebral  Column  and  Cranium,— The  primitive  part  of 
the  vertebral  column  in  all  the  vertebrata  is  the  chorda  dorsaJia  or  noto* 
50 
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chord,  which  consists  entirely  of  soft  cellular  cartilage*  Thia  cordi 
ta])er8  to  a  point  at  the  cranial  and  caudal  extremities  of  the  aninml. 
In  the  progress  of  its  dovelopinent,  it  is  found  to  become  inclosed  in  i| 
membranous  sheath^  which  at  length  acquires  a  fibrous  structure,  com- 
posed of  transverse  annular  libres.  The  chorda  dorsal  is  is  to  be  re<,nirded  j 
as  the  azygoa  axis  of  tlie  spinal  column,  and,  in  particular,  uf  the  fntorej 
bodies  of  the  vertebra,  although  it  never  it^lf  passes  into  the  state 
hyaline  cartilage  or  bone,  but  remains  inclosed  as  in  a  case  within  tli«l 
persistent  parts  of  the  vertebral  column  which  are  developed  around] 
it*  It  is  permanent,  however,  only  in  a  few  animals:  in  the  majorii 
only  traces  of  it  persist  in  the  adult  animal* 

In   many   fish  no  true   vert^bra>  are   developed,  and    there  is  eveiy 
graduation    from   the    amphioxus^   in    which    the    notochord    persig: 
through  life  and  there  are  no  vertobr?^,  through  the  lampreys  in  whiehl 
there  are  a  few  scattered  cartilaginous  vertebn^,   and   the  sharks, 
which  many  of  the  vertcbriB  are  partly  ossified,  to  the  bony  fishes,  8iich| 
as  the  cod  and  herring,  in  which  the  vertebral  column  consists  of 
number  of  distinct  ossiiied  vertebra^  with  remnants  of  the  notocbordj 
between  them.     In  amphibia,  reptiles,  birds,  and  mammals,  there  are 
distinct  vertebrae,  which  are  formed  as  follows: — 

The  mesobliistic  somites,  which  have  been  alre^idy  mentioned  (p 
799),  send  processes  downward  and  inward  to  surround  the  notochor 
and  also  upward  between  the  medullary  canal  and  the  opt  blast  coverir 
it.  In  the  former  situation,  the  cartilaginous  bodies  ot  the  vertebr 
make  their  appearance,  in  the  latter  their  arches,  which  inclo«e  th 
neural  canal. 

The  vertebrae  do  not  exactly  correspond  in  their  position  with  th 
protovertebrm :  but  each  permanent  vertebra  is  developed  from  the  con*l 
tiguous  halves  of  two  protovertebrce.     The  original  segmentation  of  tbtl 
prutovertebrfe  disappears  and  a  fresh  subdivision  occurs  in  such  a  waf 
that  a  permanent  invertebral  disc  is  developed  opposite  the  centre 
each  proto  vertebra.     Meanwhile  the  pro  to  vertebrae  split   into  a  dorsal^ 
and  ventral  portion.      The  former  is  termed  the  musculo-cufaneous  plate, 
and  from  it  are  developed  all  the  muscles  of  the  back  together  with  tin 
cutis  of  the  dorsal  region  {the  epidermis  being  derived  from  the  epiblast)*. 
The  ventraf  portions  of  the  pro  to  vertebra?,  as  we  have  already  8060,1 
give  rise  to  the  vertebrae  and  heads  of  the  ribs. 

The  chorda  is  now  inclosed  in  a  case,  formed  -by  the  bodies  of 
vertebne,  but  it  gradually  wastes  and  rlisappears.   Before  the  disap|] 
ance  of  the  chorda,  the  ossification  of  the  bodies  and  arches  of  the  vet 
brie  begins  at  distinct  points. 

The  ossification  of  the  body  of  a  vertebra  is  first  observed  at  tij 
point  where  the  two  primitive  elements  of  the  vertebrae  liaTe  united 
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inferiorly.  Those  vertebra3  which  do  not  bear  ribs,  such  m  the  cer- 
viciil  vertebra?,  have  generally  an  additional  contre  of  ossificatian  in 
thu  transverse  procese,  which  is  to  be  regarded  as  an  abortive  rudi- 
ment of  a  rib.  In  the  fij^tal  bird,  these  additional  ossified  ix>rtions 
exist  in  all  the  ccrvic4il  vertebnv,  and  gradually  iK^eonie  so  much  develo]>ed 
in  the  lower  part  of  the  eervii^al  region  as  to  form  the  upper  false  ribs 
of  this  class  of  aninials.  The  stime  parts  exist  in  tuamtnalia  and  man; 
those  of  the  last  cervical  vertebrae  are  the  most  developed,  and  in  chil- 
dren may,  for  a  considerable  period,  bo  distinguished  as  a  separate 
part  on  each  side  like  the  root  or  head  of  a  rib. 

Tlie  true  cranium  is  a  prolongation  of  the  vertebral  column,  and  is 
developed  at  a  much  earlier  period  than  the  faeial  bones.  Originally, 
it  is  formed  of  but  one  mass,  a  cerebral  capsule,  the  chorda  dorsal  is 
being  continued  InUy  its  base,  antl  ending  there  with  a  tapering  point. 
At  mi  early  period  the  head  is  !>ent  downward  and  forward  round  the 
end  of  the  chorda  dorsalis  in  such  a  way  that  the  middle  cerebral  vesicle, 
and  not  the  anterior,  comes  to  occupy  the  highest  position  in  the  bead. 

Pituitary  Body. — In  connection  with  this  must  t>e  mentioned  the 
development  of  the  pituitary  body-  It  is  formed  by  the  meeting  of  two 
outgrowths^  one  from  the  fa4al  brain ^  wliich  grows  downward,  and  the 
other  from  the  epiblast  of  the  buccal  cavity,  which  grows  up  toward  it. 
The  surrounding  mesoblast  also  takes  part  in  its  formation.  The  con- 
nection of  the  first  process  with  the  brain  becomes  narrowed,  and  per- 
sists as  the  infundibulum,  while  that  of  the  otiier  process  with  the  buccal 
cavity  disappears  completely  at  a  spot  corresponding  with  the  futtiro 
position  of  the   body  of  the  sphenoid. 

Cranium. — The  first  appearance  of  a  solid  support  at  the  base  of  the 
cranium  observed  by  ihiller  in  tisb,  consists  of  two  elongated  bands  of  car- 
tilage (trabecuhe  cranii),  one  on  the  right  and  the  other  on  the  left  side, 
which  are  connected  with  the  cartilaginous  capsule  of  the  auditory  ap- 
paratus, and  which  diverge  to  inclose  the  pituitary  body  uniting  in 
front  to  form  the  septum  nasi  beneath  the  anterior  end  of  the  cerebral 
capsnle.  Hence,  in  the  cranium,  as  in  the  spinal  column,  there  are  at 
first  developed  at  the  sides  of  the  chorda  dorsalis  two  symmetrical  ele- 
ments^ which  subsequently  coalesce,  and  may  wholly  inclose  the  chorda. 

The  brain-case  consists  of  three  segments:  occipital,  parietal,  and 
frontal,  corresponding  in  their  relative  position  to  the  three  primitive 
cerebral  vesicles;  it  may  also  be  noted  that  in  front  of  each  segment  is 
developed  a  sense-organ  (auditory,  ocular,  and  olfactory,  from  behind 
forward).  The  basis  cranii  consists  at  an  early  period  of  an  unsegmented 
cartilaginous  rod,  developed  round  the  notocbonl,  and  continued  for- 
ward beyond  its  termination  into  the  irabeculw  cranii,  which  bound  the 
pituitary  fossa  on  either  aide. 
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In  this  cartilaginous  rod  three  ceotres  of  ossification  appear: 
occipital,  basi -sphenoid,  and  pre-sphenoid,  one  correspondiDg  to 
segment. 

The  bones  forming  tlie  vault  of  the  skull,  viz.,  the  frontal,  parietal, 
squamouB  portiou  of  temporal  and  the  squamo-occipital,  are  owifiod  in 
membrane. 

The  Visceral  Clefts  Mid  Arches. 

As  the  embryo  enlarges,  the  heart,  which  at  first  occupied  a  position 
close  to  the  cranial  tiexure,  is  carried  further  and  further  backward  antil  a 
considerable  part,  in  which  the  mosoblast  u  undivided,  intervenes  between 


FIff.  486.— A.  MafQtHM  view  from  bffon-  of  the  boAd  and  neck  of  a  hur^ 
thrive  weeks  (from  Bi'ker.)— 1,  ttni^rior  t^^rebral  Teslcle  ot  cerebnun:  2,  iru 
or  frootO'Tuisa.1  proc«!«M:  4,  superior  maxUlary  prooen;  R,  «ye;  6,  Itiftrtu 
flnst  viaceral  iircli,  tmd  below  k  the  firBt  elcft;  7,  8, 9,  seoood,  third,  an^i 
D.  Anterior  view  of  IJwi  hcttut  of  a  humnn  fcotits  of  about  th»  flftli  we^^i 

flif.  IV,:  -       -      -       ' 
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QT^nrior  view  or  uie  lUMfi  or  a  niimnn  rcoiits  or  aoom  um»  iumi  wc»m  .tor,  aa  i 

VJ.    1,  3,  a^  Ql  tlie  Hame  parts  as  to  a;  4,  the  esctemal  naaal  or  i  utal  proc 

upNior  toaxllljuy  proceaa:  7,  the  lower  jaw;  x*  the  (oague;  8,  ar»tr  tM^jutchial  elefl  I 
he  meatus  atkUtonus  czternua. 


it  and  the  head.  This  beoomes  the  neck.  On  section  it  is  seen  that  in 
it  the  wliolo  three  layers  are  represented  in  order,  and  that  there  is  no 
interval  between  thorn.  In  the  nock  thus  formed  soon  appear  the  vis- 
ceral or  branchial  clefts  on  either  side,  in  series,  aoross  the  axis  of 
the  gut  not  quite  at  right  angles.  They  are  four  in  number,  the  most 
anterior  being  first  found.  At  their  edges  the  hypoblast  and  their 
epiblast  are  continuous.  The  anterior  border  of  each  cleft  forms  a  fold 
or  lip,  the  branchial  or  visceral  fold*  The  posterior  border  of  the  last 
cleft  la  also  formed  into  a  fold,  so  that  there  are  four  clefts  and  five  folds, 
but  the  three  most  anterior  are  far  more  prominent  than  the  othersi,  and 
of  these  the  second  is  the  most  c4^n8picuou8.  The  first  fold  nearly  moets  tt« 
fellow  in  the  middle  line,  the  second  less  nearly,  and  the  others  in  order 
still  leas  so.  Thus  in  the  neck  there  is  a  triangular  int«rval^  into  which 
by  the  splitting  of  the  mesoblast  at  that  part  the  pleuroperitoneal  carity 
extends.  The  branchial  clefts  and  arches  are  not  all  permanent*  The 
first  arch  gires  oiT  a  branch  from  its  front  edge,  which  passes  forward  to 
meet  its  fellow,  but  these  o&hoots  do  not  quite  meet,  being  separmied 
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by  a  process  whicii  grows  downward  from  the  lioad.       Betwoon  thfl 
branches  and  the  nmin  tirst  fold  is  the  cavity  of  the  moath.     The  branchw  I 
represent  the  aiiperior  maxilla,  and  the  main  folds  the  mandible  or  lower] 
jaw.     The  central  process,  which  grows  down,  is  the  fron to-nasal  pro-  ^ 
cess. 

In  this  way  the  so-called  visceral  arches  and  ck/ta  are  formed,  four 
on  each  side  (lig.  480,  a). 

From  or  in  connection  with  these  arches  the  following  parte  are  devel- 
oped:— 

The  first   arch    (mandibohir)  contains  a  cartilaginous  rod  { Meckel' 8  | 
cartilage),   around  the  distal  end  of  which  the  lower  jaw  is  developedi 
while  the  malleus  is  ossified  from  the  proximal  end. 

When  the  maxillary  processes  on  the  two  sides  fail  partially  or  com- 
pletely to  unite  in  the  middle  line,  the  well-known  condition  termed 
chfi  palnte  results.  When  the  integument  of  the  face  presents  a  similar 
deficiency,  we  have  the  deformity  known  m  hare-lip.     Thongh  these  two 
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Fi^.  407.^EnibtTo  chick  (4tli  dfly),   vit«w<^l    iks  a  iraiisimrcnt  obJiHTt,  lylnK  on  ita  left  side 
Cmo^ifletj).     C  By  i.*rf*bral  h^mispherea;  F  B,  for*,*- bruin  or  v*«!cl«i  of  tihSnl  vi^rjtrielt*,  wirJi  Pn„ 

SlncvLt  jflaud  projwtini?  from  tts  summit;  M  B^  mfd-brain;  C6,  oerebeUum;  IV.  l\  fourtb  veii- 
icle;  I*.  U'lm;  c  h  «,  L-horoidJAl  i)Ut:  Cen.  r,  ftutUt<n*y  %'esicl<*;  jt  m,  wuptTioP  iiiitxillary  pr^>ci'«(»: 
JF,  2t>\  etc.,  arRl»  stxxind,  thiixK  and  fourth  vissct^ral  folds;  F,  fifth  nerve,  »t»ndin*?  on©  bmodi 
(ophthalmic)  to  the  *?ye»  and  imuther  to  the  flrnt  viHc<-riil  arch;  Vlf,  jn-^venth  nerve^  piAasln^  to 
tlna  second  visceral  i^rch;  </.  Fh,  Rlo8«o-pharynpt*ftl  ncn,*'.  paj<ain|2r  to  the  third  viscera]  arch; 
J*  iir  Pin^'umoKastrJc  nerve,  |i&s«iii^  towanl  the  f<Hirtli  visceral  arch ;  t  t\  Invt^ln^  mmm ;  e  k, 
iiot+x*liurd;  itn  front  end  cannot  t>e  ween  in  the  living  einhryo,  and  it  docs  not  end  as  shown,  in 
the  titftt  e,  but  tAkea  a  sudden  bend  downwani,  and  then  tenninab^  in  a  jioirit;  Hi,  heart  i*een 
tlu-ough  the  walls  of  the  chest;  M  F,  miiech'-platcs;  ir,  wit^f,  showing?  commencing  dilTert^nttiw 
tion  of  sk»Kment»,  oorreepotidliiisr  to  arm.  forearm,  and  hand;  S  S,  somatic  Htaltc;  .1/,  allantoic; 
//  L,  blnd-llmh,  aa  jet  a  shapelemi  hud^  Hhowfu^  no  dUTerentiatlon.  Beneath  It  is  aetm  the 
cm-ved  tiul.     i Foster  and  Balfour.) 

deformities  frequently  co-exist,  they  are  by  no  means  always  necessarily 
associated. 

The  upper  part  of  the  face  in  the  middle  line  is  developed  from  the 
Bo-called  fronial-nmal  process  (a,  3,  fig.  486.)     From  i\\Q  second  arch 
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ftn?  (lovc^lojifrd  the  incuM^  MtapeSj  and  stapedius  muscle,  the  styloid  process 
of  thcj  tmijHtral  fxino,  the  siylo-hyoid  ligament,  and  the  smaller  cornu  of 
thij  hyoidhone.  From  the  /A/rrf  visceral  arch,  the gre€Uer  cornu  and  bodi/ 
of  the  hyoid  bone.  In  man  and  other  mammalia  the /oiir/A  visceral  arch 
Ih  in(liHtin(!t.  It  occupies  the  position  where  the  neck  is  afterward 
developed. 

A  <liHiiii(;t  oonnootion  is  traceable  between  these  visceral  arches  and 
certain  cranial  nerves:  the  trigeminal,  the  facial,  the  glosso-pharjngeal, 
and  the  vagus.  The  ophthalmic  division  of  the  trigeminal  supplies  the 
fronto-niuial  pnx^ess;  the  superior  and  inferior  maxillary  divisions  supply 
the  fiiaxillary  and  mandibular  arches  respectively. 

The  timixl  nerve  distributes  one  branch  (chorda  tympani)  to  the 
first  visreral  arch,  and  others  to  the  second  visceral  arch.  Thus  it 
divides,  inclosing  the  first  visceral  cleft. 

Hiniilarly,  the  glosso-pharyngeal  divides  to  inclose  the  second  visceral 
eloft,  its  lingual  branch  being  distributed  to  the  second,  and  its 
pharyngeal  branch  to  the  third  arch. 

Thv  vagus,  too,  sends  a  branch  (pharyngeal)  along  the  third  arch, 
and  in  fishes  it  gives  ofT  paired  branches,  which  divide  to  inclose  several 
suiHHMwivo  branchial  clefts. 

The  Extremities. 

The  extremities  are  devolopeil  in  a  uniform  manner  in  all  verte- 
hrato  animals.     They  ap^x'ar  in  the  form  of  leaf -like  elevations  from  the 


(VArio:iv>ci  of  :S*  :rv,r.k  ♦<i:v  r^r.  4SSK  *:  points  wb««'  raoc^  •>r  ^ess^  *:€  jel 
Afvh  ^t",   Iv  or\v:uvwl  for  :*r^c:  within.      T!hf  prisitiv^  'r^nsi    :i  tw 
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swimming,  crawling,  walking,  or  flying.  In  the  human  (ci^tus  the  fin- 
gers arc  at  first  united,  as  if  webbed  for  swimming;  but  this  h  to  he 
regarded  not  so  much  m  an  approximation  to  the  form  of  aqiiutic 
an i mills,  as  the  primitive  form  of  the  hand,  the  individual  parts  of  which 
subsec|uently  become  more  completely  isohited, 

Tlie  fonr-limb  always  ap{^t^a^s  lx*foro  thu  hind-linih,  and  for  some 
time  continues  in  a  more  advanced  state  of  development.  In  both 
liml>s  alike,  the  distal  segment  (hand  or  foot)  is  separated  by  a  slight 
notch  from  the  proximal  |>art  of  the  limb,  and  this  part  is  subsequently 
divided  again  by  a  second  notch  (knee  or  el!>ow- joint) » 

The  Vascular  System. — At  an  e^rly  stage  in  the  development  of 
the  embryo-chick,  the  so-called  area  i^asciilom  begins  to  make  its  appear- 
ance, A  number  of  branched  cells  in  the  mesoblast  send  out  proeemaa 
which  unite  so  as  to  form  a  network  of  protoplasm  with  nuclei  at  the 
nodal  points.  A  large  numt>er  of  nuclei  acquire  red  color;  these  form  the 
red  blood-corpmscles.  The  protoplasmic  processes  become  hollowed 
out  in  the  centre  so  as  to  form  a  closed  systt^ni  of  branching  canals,  in 
the  walls  of  whicli  the  rest  of  the  nuclei  remain  imbetlded.  In  the 
blood-vessels  thus  formed,  the  circulation  of  the  embryonic  blood  com- 
mences. 

According  to  Klein,  the  first  blood-vessels  in  the  cliick  are  developed 
from  embryonic  cells  of  the  meaoblast,  which  swell  up  and  become  vacuo- 
lated, while  their  nuclei  undergo  segmentation.  These  cells  send  out  proto- 
phksmic  processes,  which  unite  with  corresponding  ones  from  other  cells, 
and  become  hollowed, give  rise  to  the  capillary  wall  composed  of  endothelial 
cells;  the  blood  corpuscles  being  budded  off  from  the  endotheliid  wall  by  a 
process  of  gemmation. 

Heari. — About  the  same  early  period  the  heart  makeaits  appearance 
as  a  solid  mass  of  cells  of  thcsplanchnopleure  in  the  manner  before  indi- 
cated. 

At  this  period  the  anterior  part  of  the  alimentary  tube  ends  blindly 
beneath  the  riotochord.  It  is  beneath  the  p<isterior  end  of  this  fore- t/ut 
that  the  heart  beginst  to  be  developed.  The  heart  w^hen  first  formed  is 
made  up  of  two  not  quite  complete  tubes  which  coalesce  to  form  one,  and 
8o  when  the  cavity  is  hollowed  out  in  the  mass  of  cells,  the  central  cells 
float  freely  in  the  fluid,  which  soon  begins  to  circulate  by  means  of  the 
rhythmic  pulsations  of   the  embryonic  heart. 

These  pulsations  t^ike  place  even  Wfore  the  appearance  of  a  cavity, 
and  immediately  after  the  first  laying  down  of  the  cells  frrmi  which 
the  heart  is  formed,  and  long  before  muscular  fibres  or  ganglia  have  been 
formed  in  the  cardiac  walls.  At  first  they  seldom  exceed  from  fifteen 
to  eighteen  in  the  minute.  The  fluid  within  the  cavity  of  the  heart 
shortly  assumes  the  characters  of  blood.     At  the  same  time,   the  cavit^r , 
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itself  forms  a  communication  with  the  great  vessels  in  contact  with  it, 
and  the  cells  of  which  its  walls  are  comprised  are  transformed  into  fibrous 
and  muscular  tissues,  and  into  epithelium.     In   the  developing  chick 
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Fig.  491. 


FiR.  489.— Capillary  blood-vessels  of  the  tail  of  a  youngr  larval  frog,  a,  capillaries  perme- 
ablo  to  blood:  />,  fat  j^ranules  attached  to  the  walls  of  the  vessels,  and  concealing  the  nuclei:  c, 
hollow  prolongation  of  a  capillary,  ending  in  a  point;  d,  a  branching  cell  with  nucleus  and  fat- 
granules:  it  communicates  by  three  branches  with  prolongation  of  capillaries  already  formed; 
r,  e,  l)locKi  corpuscles  still  containing  granules  of  fat.     x  350  times.    0C511iker.  > 

Fig.  490.  —Development  of  capillaries  in  the  regenerating  tail  of  a  tadpole,  a  bcd^  sproaU 
and  cords  of  protoplasm.     (Arnold.) 

Fig.  491.— fhe  same  region  after  the  lapse  of  2i  hours.  The  "sprouts  and  cords  of  proto- 
plasm ''  have  become  channelled  out  into  capillaries.     (Arnold. ) 

it  can  be  observed   with  the  naked  eye  as  a  minute  red  pulsating  little 
mass  before  the  end  of  the  second  day  of  incubation. 

Blood-vessels, — Blood-vessels  appear  to  be  developed  in  two  ways,  ac- 
cording to  their  size.  In  the  formation  of  large  blood-vessels,  ma^es  of 
embryonic  cells  similar  to  those  from  which  the  heart  and  other  struct- 
ures of  the  embryo  are  developed,  arrange  themselves  in  the  position, 
form,  and  thickness  of  the  developing  vessel.  Shortly  afterward  the  cells 
in  the  interior  of  a  column  of  this  kind  seem  to  be  developed  into  blood- 
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feriorly.  The  heart  of  fishes  retaius  these  cavities,  no  further  division 
by  internal  septa  into  right  and  left  chambers  taking  place.  In 
amphibia,  also,  the  heart  throughout  life  consists  of  the  three  muscular 
divisions  which  are  so  early  formed  in  the  embryo  and  the  sinus  venosus; 
but  the  auricle  is  divided  internally  by  a  septum  into  a  pulmonary  and 
systemic  auricle.  In  reptiles,  not  merely  the  auricle  is  thus  divided  into 
two  cavities,  but  a  similar  septum  but  incomplete  is  more  or  less  developed 
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Fig.  4M.~Heart  of  the  chick  at  the  45th.  66th,  and  85th  hours  of  incubation.    1,  the  venous 
trunks;  2,  the  auricle;  8,  the  ventricle;  4,  the  bulbus  arteriosus.    (Allen  Thomson.) 

in  the  ventricle.  In  birds  and  mammals,  both  auricle  and  ventricle 
undergo  complete  division  by  septa;  while  in  these  animals  as  well  as  in 
reptiles,  the  bulbus  aortae  is  not  permanent,  but  becomes  lost  in  the  ven- 
tricles. The  septum  dividing  the  ventricle  commences  at  the  apex  and 
extends  upward.  The  subdivision  of  the  auricles  is  very  early  fore- 
shadowed by  the  outgrowth  of  the  two  auricular  appendages,  which 
occurs  before  any  septum  is  formed  externally.  The  septum  of  the 
auricles  is  developed  from  a  semilunar  fold,  which  extends  from  above 
downward.  In  man,  the  septum  between  the  ventricles,  according  to 
Meckel,  begins  to  be  formed  about  the  fourth  week,  and  at  the  end  of 
eight  weeks  is  complete.  The  septum  of  tlie  auricles,  in  man  and  all 
animals  which  possess  it,  remains  imperfect  throughout  fcptal  life.  When 
the  partition  of  the  auricles  is  first  commencing,  the  two  venae  cavas  have 
different  relations  to  the  two  cavities.  The  superior  cava  enters,  as  in 
the  adult,  into  the  right  auricle;  but  the  inferior  cava  is  so  placed  that 
it  appears  to  enter  the  left  auricle,  and  the  posterior  part  of  the  septum 
of  the  auricles  is  formed  by  the  Eustachian  valve,  which  extends  from 
the  point  of  entrance  of  the  inferior  cava.  Subsequently,  however,  the 
septum,  growing  from  the  anterior  wall  close  to  the  upper  end  of  the  ven- 
tricular septum,  becomes  directed  more  and  more  to  the  left  of  the  vena 
cava  inferior.  During  the  entire  period  of  fa^tal  life,  tliere  remains 
an  opening  in  the  septum,  which  the  valve  of  the  foramen  ovale,  devel- 
oped in  the  third  montli,  imperfectly  closes. 

The  bulbus  arteriosuH^  which  is  originally  a  single  tube,  becomes 
gradually  divided  into  two  by  the  growth  of  an  internal  septum,  which 
springs  from  the  posterior  wall,  and  extends  forward  toward  the  front 
wall  and  downward  toward  the  ventricles.  This  partition  takes  a  some- 
what spinal  direction,  so  that  the  two  tubes  (aorta  and  pulmonary  artery) 
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oniteil  by  fine  protopJtiamic  process's:  l>y  the  extension  of  the  Ywaat 
into  them,  cupillary  tuWs  are  ^nidually  fomietl. 

Morphology.  Heart. — When  it  first  appears,  the  heart  is  appitiii- 
mately  tiibiilur  in  form,  being  at  first  a  double  /t/Z^?  then  uaiw///i»  one.  It 
receives  at  its  two  posterior  angles  the  two  o^rphaIf»-nle^*c^nteri^  or  vitel- 
line veins,  and  gives  oil  anteriorly  the  primitive  aorta  (fig.  41*3).  The 
junction  of  the  two  veins  which  pass  into  the  auricle  l»cconie8  rt^moved 
farther  und  farther  away  from  the  heart,  and  tlie  vessel  thus  formed  is 
called  Binus  venoeus  near  to  the  auricle^  and  dnctns  venosas  farther 
away, or  if  it  l>o  crdled  by  one  name  that  of  meatus  vcvosuit  may  be  nsed. 

It  soon,  however,  !>e comes  curved  somewlmt  in  the  shape  of  a  boiae- 
shoe,  with  the  convexity  toward  the  right,  the  venous  end  being  at  the  ■ 
same  time  drawn  nj*  toward  the  head,  so  that  it  finally  lies  behind  and 
somewhat  to  the  right,  of  the  arterial.    It  also  l>eeome8  partly  divided  by 
constrictions  into  three  cavities. 

Of  these  three  cavities  which  are  developed  in  all  vertelirata,  that  at 
the  venous  end  is  the  simple  auricle,  with  the  sinus  venosus,  that  at  the 
arterial  end  the  biilbus  arteriosus,  and  the  middle  one  is  the  simple  ven- 
tricle. 

These  three  parts  of  the  heart  contract  in  succession.  The  auricle 
and  the  bulbus  arteriosus  at  this  period  lie  at  the  extromttiee  of  the 
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horae-shoe.  The  bulging  ont  of  the  middle  portion  inii<n*>riy  givis  til 
first  indication  of  the  future  form  of  the  ventricle  (fig,  4^.**).  The  great 
curvature  of  the  horse-shoe  by  the  same  means  becomea  much  mtin 
develo|)ed  than  the  smaller  curvature  between  the  auricle  and  balbiia; 
and  the  twc*  extremities,  the  auriL-le  and  bulb,  approach  each  oth«r 
superiorly,  so  aa  to  produce  a  greater  reeemblance  to  the  later  form  ckt 
the  heart,  wliile  the  ventricle  becomes  more   and  more  developed  in* 


A 


DETELOPMEKT, 


788 


aorta,   curnng  over  the  right  bronchus  instead   of    the  left    aa    in 
mammals. 

In  mammals  the  left  fourth  aortic  arch  develops  into  the  permanent 
aorta,  the  right  one  remaining  as  the  subclavian  artery  of  that  fiidc. 
Thus  the  subclavian  artery  on  the  right  aide  corresponds  to  the  aortic 
arch  on  the  leftj  and  this  homology  is  further  confirmed  by  the  fact  that 
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¥i%.  406.  -Dia(n*ftm  <^^  th^i  oortlo  arches  in  n  nmmnioL  showing  trans^fonnatioiiB  which  irtve  Hse 
to  tUi*  |>erin&cieitt  iirti-rlal  vt"s».*Is.  A^  priiuitivi^  arleriitl  htt-ui  or  aortic  (►ulb,  now  dividi*d  Into 
A^  tht*  asci^iidiNK  jwirt  of  the  aortic  arclu  and  p.  thi*  piilmusnury :  er«\  rlijht  aiul  left  iiort ic  rtw >t*i ; 
A\  dcH(.H'miiti*j  aort^i;  I^  3,  3,  4,  5,  the  five  priuiiiive  aortic  mt  hrurjcbiul  arches;  /,  //,  ///.  tV^ 
the  f<>iir  branch iai  n  lefts  which,  for  the  sake  of  cl*«irrie*»,  httve  ^«*en  ouiitt*-*!  on  the  rijrht  side. 
The  ]>ernianent  ftjMtenac  v^nstiels are  di>t'ijly,  the  puhuonary  ttrt*?ries  lightly,  »ha<Led;  ihi^  jmrta 
of  the  primitive  anht^«  which  are  transitory  are  dimply  omtlinecl;  r,  pla<*e<i  lM?twtH-n  the  i*er- 
inaneut  et^nnincsn  caroLitJ  arteries;  c^i,  exti?rnal  carotid  arteries:  r  i\,  iut^^niaJ  carotid  arleries;  #, 
riKlit  sulx:Iaviau,  riKinjj  from  the  riffht  oortii^root  beyond  the  fifth  aix-^h:  r,  ripht  vertehral  fmtn 
the  waiiie,  ^/jfiiKje^ite  tht*  fourth  arch;  r'  «^  Jeft  vert4*briil  and  sutK-tavian  ort^^rles  rlninji^  to^etlier 
from  the  left  or  p<*rnianent  aortic  root,  (ipjiositt*  the  f^nrth  arL'h;  j»,  idilmoriiRry  iirt4»rn»*i  rising 
tO(?ethfr  from  tiie  left  tlfth  arch;  €/,  onter  or  back  part  of  the  left  llith  arch,  forminif  ductus 
arteriofda;  pa.  ;i  n'  Hi^ht  and  left  pneuuiOKaMtrtc  nerves  deKcendin^  in  front  jf  iicirtic  arch, 
with  their  recurrent  branchc'S  represented  diagrammpticatlj'  as  pat«iii>;f  fjehind,  to  illtiKtrsti?  the 
relations  of  thest?  nenrips  nwijiectivisJy  to  the  Hgrht  (subclavian  artery  (4>  and  the  arcli  of  the  aorta 
and  ducttis  arteriosus  itiy.     CAn^^Q  ThouiBOD,  after  Rathke.) 

the  recurrent  laryngeal  nerve  hooks  under  the  subclavian  on  the  right 
side,  and  the  aortic  arch  on  the  left. 

The  third  aortic  arch  remains  as  the  internal  carotid  artery,  while 
the  fifth  disappears  on  the  right  side,  but  on  tht^  left  forniB  tlie  pulmo- 
nary artery.  The  distal  end  of  this  areh  originally  opetis  into  the  descend- 
iijg  aorta,  and  this  comronnication  (which  i^  permanent  tliroughout 
life  in  many  reptiles  on  botli  sides  of  the  body)  remains  through- 
out ftetal  life  under  the  name  of  dmius  arfcrio^us:  the  branches  of  the 
pulmonary  artery,  to  the  right  and  left,  lung,  are  very  small,  and  most 
of  the  blood  which  is  forced  into  the  pulmonary  artery  passes  through 
the  wide  ductus  arteriosus  into  the  descending  aorta.  All  these  points 
will  become  clear  on  reference  to  the  accompanying  diagram  (fig.  495). 
49 
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Kb  the  orobilitjriU  vesicle  dwindles  in  fiize,  the  i)Oftioii  of  the  ompbalih 
myenteric  Arteri«.<!f$  mttifide  the  IkmIt  gnMlunUy  digappeanK,  the  pMi  ijiade 
the  body  reiiuiiiung  m  the  ineflenteric  arterica. 

Meanwhile  with  the  growth  of  the  aUantois  two  new  arteries  (rmM- 
ieal)  appear^  and  rapidly  inereaac  in  sisse  till  they  are  the  targesi  branches 
of  the  aiirUt:  they  are  given  off  from  the  internal  ilim;  arteries,  and  for 
a  long  time  are  considerably  larger  than  the  external  iUacs  which  sapplj 
the  comparatively  small  hind-limbs. 

Veins, — The  ehief  veins  in  the  early  embryo  may  be  dtrided  into 
two  grouim,  visceral  and  parietal:    the  former  includes  the  omphilo- 
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FIk   4SXJ,  -T>iatfim,ni  nf  j'oiinjf  i^nilijryo  and  ita  vpflsels, 
uriibllicAl  vi^Hli'lt*:  and  aliM> 


showing  courwf  of  elreulatioo  in  the 
'tlmt  of  thrullantoiH  <n«w  Um^  caudal  extremity),  which  is  Juitcom* 
mi.'inL'iiijc.     ([)cilt«tn.) 

Kl*r,  AVn.     lJifi#^ani  of  r»nibr3'«>nnil  iU*  v*'iWfift  at  a  lat*^r  stA*:^. 
Hull.  Tli*»  filmnriix,  evsfinhaijnm.  and  intt-jitiTmU^ananiave  l>t_v<inio  f^ 

ciilcirlr  nrt«irfi"!H  bavt*  •inlar>rf>l,  Mhih-tht'  iiiiibilieal   vehicle  and   Its  vascular   branches  are  fwr 
uitic'li  FL^luiit'tl  Ui  Klw    Tlif  lar^o  uiiibilieal  aiil*Tii*.s  an*  Ho*in  pasHlngoiit  in  the  ploAfcntju  OP>*lt<iA.) 


Intf^tirml  t^anal  have  l>t_v<inio  fnrt.])«r  developed.  ukI  Wiei 


J 

I 


I 


irit'senterie  and  umbilical,   the  hitter  the  jugular  and  cardinal  veins. 
The  former  may  be  first  considered. 

The  earliest  veins  to  ujipear  iu  the  fo'tiis  are  the  omphalo-mesenterlc 
or  vitelline,  which  return  the  blood  from  the  yolk-tiac  to  the  developing 
atiriele.  As  soon  as  the  pkieenta  with  its  umbilical  veins  is  developed, 
these  uinte  with  the  on^jhalo-niesenterie,  and  thus  the  blood  which 
reaches  the  auricle  comes  piirtly  from  the  yolk-sac  and  partly  from  the 
plai!onta.  The  right  omphalo-mesenteric  and  the  right  umbilical  veins 
sewm  iliBn-ppt'^r,  and  the  united  left  omphalo-mesenteric  and  nmbilical 
veins  pti^H  til  rough  the  developing  liver  on  the  way  to  the  anriele.  Two 
g(»t.rt  of  vohscIj?  luiike  their  appeurance  in  connection  with  the  liver  (venip 
hcpaticn>  advehentes,  and  revehentes),  both  opening  into  the  united 
**u»phulo-mesenterie  and  umbilical  veins,  in  such  a  way  that  a  portion 
of  the  venous  blood  traversing  the  latter  is  diverted  into  the  doTeloping 
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liver»  and,  having  pMwd  through  its  capillaries,  rcturiiB  to  the  unibili- 
eal  vein  through  the  venit?  lieputici^  revehentcs  at  a  poiDt  nearer  the 
heart  (see  fig.  408).  Tlio  portion  of  vein  l>etweon  the  afferent  and  effe- 
rent veins  of  the  liver  becomeB  the  ductns  venogus.     The  vense  hepaticie 


sj^ 


FIr.  498,— riApramj*  miwtrittinjj  the  development  of  reliw  about  thty  livrr     B,  d  c»  ducts  of 
-^er,  richt  and  left;  ea,  riffht  and  left  cardinal  Ti^iiifi;  o.   left  oniiiljaJc^-mest^nt+Tie  win;  o\ 
ka:nipnnIf»-rinr*Hc»nttTte  Vfin^  ftlfiKmt  Hhrlvi''11«^  up;  u  u%  umljilicjil  veins,  of  wturh  u',  th*'  rix^t 
Ieh  aInuMit  disAppfartHi.     Bptwwn  the  venffi  cmWliiialeA  t«i  »e**n  tht*  {>urllDLi  of  theruditnetit- 
ver  Willi  iLs  vena?  h**uatk'ip  ailvt>heiit**«^  and  ivvehentes.     A  duettu*  rf^notitiH;  l\  hepatic 
»;  r  ^,  vcno  cava  iofenur;  jP,  portal  vein;  /**/*,    veos  advehentes;  m,    meseDterlc  veinn. 
CuUiker  j 


^iidvehentes  becoTTie  the  right  and  left  hnmt^lies  of  the  jjortal  vein,  the 
vena:'  hepaticae  reveheutes  hecome  the  hepatic  veins,  which  open  just  at 
the  junction  of  the  ductus  venosus  with  another  hirge  vein  (vena  cava 
inferior),  which  is  now  being  developed.  The  mesenteric  portion  of 
the  am phalo- mesenteric  vein  returning  blood  from  the  devehiping  intes- 
tines remains  as  the  mesenteric  vein,  which,  by  its  union  with  the  splenic 

a^  vein,  forms  the  portal. 

fp  Thus  the  fii'tal  liver  is  supplied  with  venous  blood  from  two  sources, 
through  the  umbilical  and  portal  vein  respectively.  At  birth  the  circu- 
lation through  the  umbilical  vein  of  course  completely  ceases  and  the 
vessel  begins  at  once  to  dwindle,  so  that  now  the  only  venous  supply  of 
the  liver  is  through  the  portal  vein.  The  earliest  appearance  of  the 
parirtal  system  of  veins  is  the  formation  of  two  short  traosTcrse  veins 
(ducts  of  Cuvier)  opening  into  tlie  auricle  on  either  side,  which  result 
from  the  union  of  an  anterior  cardinal,  afterward  forming  a  jugular, vein, 
collecting  blooJ  from  the  head  and  neck,  and  a  posterior  cardinal  vein 
wliieh  returns  the  blood  from  the  Wolffian  bodies,  tlie  vertebral  column, 
and  the  parieties  of  the  trunk.  This  arrangement  persists  throughout 
life  in  fishes,  but  in  mammals  the  following  transformations  occur. 

As  the  kidneys  are  developing  a  new  vein  appears  (vena  cava  infe- 
rior), formed  by  the  junction  r)f  their  efferent  veins.  It  receives  branches 
from  the  legs  (iliac)  and  increases  rapidly  in  size  as  they  grow;  further 
up  it  receives  the  hepatic  veins,  which  bv  now  have  lost  their  original 
opening  into  the  ductus  venoaciB.     The  heart  gradually  descends  into 
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the  thorax,  causing  the  rliicts  of  Olivier  to  become  oblique  instead 
transverse,  Aa  the  fore-linibs  develop,  tlie  sobeluvian  veiu^i  are  formed* 
A  traDsverse  conimunicutiiig  trunk  now  unites  the  two  ducta  of 
('uvier,  and  gradually  increases,  while  the  left  duct  of  Cuvier  bec«m«i 
almost  entirely  obliteriited  (all  its  blood  paa^iiijf  by  the  conmiuuieuting 
trunk  to  the  right  side)  (fig,  409,  cak).  The  right  duct  of  Cuvier 
remains  as  the  right  iunorainato  vein,  while  the  communieatiug  bniuch 
forms  the  left  innomiuato.  The  remuaiit  of  the  left  duet  of  Cuvier 
generally  remains  as  a  fibrous  baiul,  nuxuing  obliquely  dowu  to  the  cotth 
imry  vein,  which  is  really  t!ie  proximal  part  of  the  left  duet  of  Cuvior. 
In  front  of  the  root  of  tlie  left  lung,  another  relic,  ujay  be  fouud  in  the 


K 


lar  veins;  h,  hr\  irdin&l  v«ift»t;  m,  iiutteUviiiQ  vein;  j  i,  Intrmul  iiitfttlAr  vi*ia; 


h  f /,  hypogitsirlc  s. 


.  vfin ;  c  i,  tuferior  vena  cava;  r,  m&l  voins;  II,  nijic  rritm; 


form  of  the  fio-called  rmtitjial  foldot  Marshall,  which  k  ji  f<ild  «»f  fH-n- 
eardium  nmning  in  the  sanie  direction. 

In  umny  of  the  low^er  mammals,  such  iw  the  tni^  thu  left  duetu* 
Cuvieri  remains  as  a  left  superior  cava. 

Meanwhile,  a  transverse  hraneli  earriua  across  nujst  of  the  hlood  of 
the  left  posterior  cardinal  vein  into  the  right;  aiid  by  this  union  the 
great  azygos  vein  is  formed, 

The  upper  {)ortion8  of  the  left  posterior  cardinal  vein  remaiDS  mt  the 
left  superior  intercostal  and  vena  azjgos  minor. 


OlSCULATIOK   OF  BlOOD   IN   THH   FCCTtTS. 


d 


The  oirculation  of  blood  in  the  fcetue  differs  considerably  from  that 
of  the  adult     It  will  be  well,  perhaps,  to  begin  its  deeoription  bj  tr»e- 


ing  the  course  of  the  blood,  which,  after  being  carried  out  to  the  pla- 
centa by  the  two  umbilical  arteries,  has  returned,  cleansed  and  rcplen- 
ished»  to  the  fa^tua  by  the  umbilical  vein. 

It  is  at  first  conveyed  to  the  under  surface  of  the  liver,  and  there  the 
stream  is  divided, — a  part  of  the  blood  passing  straight  on  to  the  in- 
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Fig.  600.— Dtigram  of  the  TcBtal  Clrculatio&. 

ferior  vena  cava,  through  a  venoua  canal  called  the  ducius  venasua^  while 
the  remainder  passes  into  the  portal  vein,  and  reaches  the  inferior  vena 
cava  only  after  circtilating  through  the  liver.  Whether,  however,  by 
the  direct  route  through  the  ductus  venosus  or  by  the  roundabout  way 
through  the  liver, — all  the  bloo*!  which  is  returned  from  the  placenta  by 
the  umbilical  vein  reaches  the  inferior  vena  cava  at  last,  and  is  carried 
by  it  to  the  right  auricle  of  the  heart,  into  which  cavity  is  also  pouringj 
51 
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tlie  blood  thai  hm  oirciilated  in  the  head  and  neck 
been  brought  to  tbe  auricle  by  the  superior  vena  cava.  It  might  be 
naturally  exj>ected  that  the  two  et reams  of  blood  would  \ye  mingled  in 
the  right  auricle»  but  such  is  not  the  case,  or  only  to  a  alighl  ex  tout. 
The  blood  from  the  superior  vena  cava — the  less  pure  fluid  of  the  two — 
paflses  almost  exclusively  into  the  right  ven trick*,  through  the  nuriculo* 
ventricular  opening,  just  as  it  doeB  m  the  adult;  while  the  blood  of  the 
inferior  vena  C4iva  is  directed  by  a  fold  of  the  lining  membrane  of  the 
heart,  called  the  Eusiachinn  vdlve,  tlirough  the  foramen  ovale  iuu)  the 
left  auricle,  whence  it  passes  into  the  left  ventricle,  and  out  of  this  into 
the  aorta,  and  thence  to  all  the  body,  but  chiefly  to  the  head  and  nock. 
The  blood  of  the  superior  vena  cava,  which,  as  before  said,  paaBes  into 
the  right  ventricle,  is  sent  out  thence  in  mnnll  anwunt  though  the  puN 
monary  artery  to  the  lungs,  and  thence  to  the  left  auricle,  as  in  the 
adult.  The  greater  part,  however,  by  far,  does  not  go  to  the  lungs,  but 
instead,  passes  through  a  canal,  the  ductus  arieriosus^  leading  from  the 
pulmonary  artery  into  the  aorta  just  below  the  origin  of  the  three  great 
vessels  which  supply  the  upper  parts  of  the  body;  and  there  meeting 
that  part  of  the  blood  of  the  inferior  vena  cava  which  has  not  gone  into 
these  large  vessels,  it  is  distributed  with  it  to  the  trunk  and  lower  parts, 
' — a  portion  passing  out  by  way  of  tlie  two  umbilical  nrttrieA  U>  the 
placenta.  From  the  placenta  it  is  returned  by  the  umbilical  vein  to  the 
under  surface  of  the  liver,  from  which  the  description  started. 

Chang^es  after  Birth.— After  birth  the  foramen  ovale  closes,  and  so 
do  the  ductus  arteriosus  and  ductus  venosus,  as  well  as  the  umbiUoal 
vessels;  so  that  the  two  streams  of  blood  which  arrive  at  the  right  auri- 
cle by  the  superior  and  inferior  vena  ciiva  respectively,  theucM^^forlh 
mingle  in  this  cavity  of  the  heart,  and  passing  into  the  right  ventricle, 
go  by  way  of  the  pulmonary  artery  to  the  lungs,  and  through  these  after 
puriflcatioD,  to  the  left  auricle  and  ventricle,  to  be  distribnted  over  Um 
body. 


The  Nervous  System, 


The  fVnnial  and  Spinal  Nerves. — The  cranial  nerves  are  derived 
a  continuous  band,  chilled  the  neural  band.  They  are  formed  before  the 
neural  ciinal  is  complete.  The  neural  band  is  made  up  of  two  lamiTUi? 
going  from  the  dorsal  edges  of  the  neural  groove  to  the  external  epiblasL 
It  becomes  separated  from  the  epi blast,  and  then  forms  a  crest  attucbed 
to  the  npper  surface  of  the  brain.  The  posterior  roots  of  the  spinal 
nerves  arise  as  outgrowths  of  median  prooetsei  of  cells  from  the  dotml 
Bide  of  the  spinal  cord,  which  become  attached  laterally  to  the  ^tnel 
cord  as  their  original  point  of  attachment  disappears.  The  anterior 
roots  probably  arise  from  the  ventral  |>art  of  the  cord  as  a  nomber  of 
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strands  for  each  nerve.  They  appear  later  than  the  posterior  roots. 
The  rudiment  of  the  posterior  root  is  differentiated  into  a  proximal 
ronnd  nerve  connected  to  the  cord,  a  ganglionic  portion  and  a  distal 
portion.     To  the  last  the  anterior  nerve-root  becomes  attached. 

The  Spinal  Cord. — The  spinal  cord  consists  at  first  of  the  undiffer- 
entiated epiblast  of  the  walls  of  the  neural  canal,  the  cavity  of  which  is 
large,  with  almost  parallel  sides.  The  walls  are  at  first  composed  of 
elongated  irregular  nucleated  columnar  cells,  arranged  in  a  radiate 
manner.  The  cavity  then  becomes  narrow  in  the  middle  and  of  an 
hour-glass  shape  (fig.  501).     When  the -spinal  nerves  make  their  first 


Fig.  601.— Diagram  of  deTelopment  of  spinal  cord,    c  c,  central  canal;  a/y  anterior  Assure;  p/, 
posterior  fusure;  g^  gray  matter;  w,  white  matter.    Porfwrihier  explanation^  aee  text. 

appearance,  about  the  fourth  day  in  the  chick,  the  epiblastic  walls  be- 
come differentiated  into  three  parts :  (a)  the  epithelium  lining  the  central 
canal;  (b)  the  gray  matter;  (c)  the  external  white  matter.  The  last  is 
derived  from  the  outermost  part  of  the  epiblastic  walls  by  the  conversion 
of  the  cells  into  longitudinal  nerve-fibres.  The  fibres  being  without  any 
myelin  sheath,  are  for  a  time  gray  in  appearance.  The  white  matter 
corresponds  in  position  to  the  anterior  and  posterior  nerve-roots,  and 
are  the  anterior  and  posterior  white  columns.  It  is  at  first  a  very  thin 
layer,  but  increases  in  thickness  until  it  covers  the  whole  cord.  The 
gray  matter  too  arises  from  the  cells  by  their  being  prolonged  into  fibres. 
The  change  in  the  central  cells  is  sufiiciently  obvious.  The  anterior  and 
posterior  comua  of  gray  matter  and  the  anterior  gray  commissure  then 
appear.  The  anterior  fissure  is  formed  on  the  fifth  day  by  the  growth 
downward  of  the  anterior  comua  of  gray  matter  toward  the  middle 
line.  The  posterior  fissure  is  formed  later.  The  whole  cord  now  be- 
comes circular.     The  posterior  gray  commissure  is  then  formed. 

When  it  first  appears,  the  spinal  cord  occupies  the  whole  length  of 
the  medullary  canal,  but  as  development  proceeds,  the  spinal  column 
grows  more  rapidly  than  the  contained  cord,  so  that  the  latter  appears 
as  if  drawn  up  till,  at  birth,  it  is  opposite  the  third  lumbar  vertebra, 
and  in  the  adult  opposite  the  first  lumbar.  In  the  same  way  the  in- 
creasing obliquity  of  the  spinal  nerves  in  the  neural  canal,  as  we  approach 
the  lumbar  region,  and  the  cauda  equina  at  the  lower  end  of  the  cord, 
are  accounted  for. 

Brain. — We  have  seen  that  the  front  portion  of  the  medullary  canal 


fW 


HAKDBOOK    OF    PHYSIOLOGY, 


IB  nlmost  from  the  first  widened  out  and  dividend  into  three  vofticlea 
From  tlie  anterior  vesicle  (thalamenceptialon)  the  two  primary  optic 
vehicles  are  budded  olf  laterally:  their  further  history  will  be  traced  in 
the  next  section,  Somewhat  later,  from  the  same  vesicle  the  nidimentu 
of  the  hemispheres  apjiear  in  the  form  of  two  outgrowths  at  a  higher 
level,  whieh  grow  upward  and  Ijackward.  These  form  the  proven- 
cephahn. 

In  the  walls  of  the  posterior  (third)  cerebral  vesicle,  a  thickening; 
api^ears  (rudimentary  eerelK^lliim)  which  liecomes  separated  from  the 
rest  of  the  vesicle  by  a  deep  inflection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (fig,  502)? 
(1.)  A  sharp  bend  of  the  whole  cerebral  ma^  downward  round  the  end 


Fl|f.  BOiL— Earlj  VK^fS^  in  cl^^velopmrat  tif  huumn   brulu  (iiiJkj^lfl«tl>,      h  2^  71,   ,^ 
MriinKi ■bout  aBfVni  wet^kH  olil;  4,  iilKnit  thrrf  mortthn  old      m,  middle  i^iprpbrill  vi*-  »- 

eqilMyoa> ;  e,  eereMlnni ;  mo,  medullnoblouK&ta;  i.  thalAaietieepliAlfm;  ih.  ht^mitni'i  >» 

funfUbulum ;  FIsr.  8  ahowM  the  tt^veiml  eurvr*  which  •xxur  io  th<*  tnnin**^  of  il«*TflotttiuMit ,    r»ic- 
4  U  *  lAU^ral   tIcw^  shcnrlar  tbe  great  eQlargemeni  of  the  citt^hral  hf*QiiiipbcprcM  whltrli  !»•# 


coTer«d  iQ  the  Uialiimi,  leAvin^  tl»e  oplfc  lobw,  m,  uucovenMl.     (K^lliker.) 

N.  B.— In  T\m^  t  the  lliie  i  terminatiw  In  the  right  hemlvpJDere;  it  ought  to 
tile  ttyilAineiioe|ND*loiiL 
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of  the  notochord,  by  which  the  anterior  vesicle,  which  was  the  highial 
of  the  three,  is  bent  downward,  and  the  middle  one  comes  to  oocopj 
the  highest  position.  (2*)  A  sharp  bend,  with  the  convexity  fonrmfd, 
which  runs  in  from  behind  beneath  the  rudimentary  cerebellam  w&pm- 
rating  it  from  the  medulla. 

Thus,  five  fundamental  parts  of  the  foetal  brain  may  be  distiDgiitahed, 
which,  together  with  the  parts  developed  from  them,  may  be  preeepltd 
in  the  following  tabular  view: — 
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Table  op  Parts  developei>  from  Fundamental  Parts  op  Brain, 


k 


U. 


m. 


Anterior 
Primary 
Vesicle, 
or  Fore- 
braiii. 


Middle 

Primary 
Vesicle, 
or  Mid- 
brain. 
Pust^Tior 
Primary 
Veaitrle, 
or  Hind- 
brain . 


h  First    Secondary    Vesicle 
of  Prosencephalon. 


Second  Secondary  Vesicle 
or  Tlialamencephalon 
(Diencephalon) , 


Third    H^^oudarv  Vesicle  ( 
or    Mesencejjfialoii.         { 


Anterior  end  of  third  ventricle, 
foratuen  of  Monro,  lateral  ven- 
tr  iciest  cerebral  liemispheres, 
corpora  striata,  corpus  cailosuin, 
fornix,  lateral  ventricles,  olfac- 
tory bulb. 

Tlialarai  optic i,  pineal  gland,  part 
of  pituitary  body,  third  ventri- 
cle, optic  nerv«  and  retina,  in- 
fundibulum. 

Corpora  quadrigemina,  crura  cere- 
bri, aqueduct  of  Sylviuii. 


Fourth  Seooixdary  Vesicle 
or  Epencephalon. 

Fifth  St»condary  Vesicle 
or  Metencephalon. 


Fourtli  ven- 
tricle. 


Cerebellum, 
medulla 
gata. 


pons, 
oblon- 


{Qtmin.) 


The  cerebral  lie  mi  spheres  grow  rapidly  upward  and  backward,  wbile 
from  their  inferior  surface  the  olfactory  bulht?  are  budded  off,  and  the 
prosencephaloD,  from  which  they  spring,  remains  to  form  the  third  ven- 
tricle and  optic  thahimi.  The  middle  cerebral  vesicle  (mesencephalon) 
for  sorae  time  18  the  most  prominent  part  of  the  fcetal  brain,  and  in 
fishes,  amphibia,  and  reptiles,  it  remains  uncoYered  through  life  as  the 
optic  lobes.  But  in  birds  the  growth  of  the  cerebral  hemispheres  thrusts 
the  optic  lobes  down  laterally »  and  in  mammalia  completely  overlaps 
them. 

In  the  lower  mammalia  tire  backward  growth  of  the  hemispheres 
ceases  as  it  were,  but  in  the  higher  groups,  such  as  the  monkeys  and 
man,  they  grow  still  further  back,  until  they  completely  cover  in  the 


FJr.  SOS.*-Alde  flew  of  fiT^tAl  brain  at  six  inrmthH.  showing  commeocemotit  of  fomuitfon  of 
the  prioctpid Hmuna  and  <x>nvolutiivnK  F,  frtmtal  lobe;  F,  purletal;  f^  oecipilAl;  T,  tfmtwtral; 
a  a  a,  oonmieiM^ii^  froDtal  cotivolutlotiH;  «,  Sylvian  flssiire:  *\  Its  anterior  dlvlsioQ;  c,  within 
It  thn  central  lone  or  iHlaud  of  ReU;  r,  flHsurv  of  Bolando:  p^  perp«n41eular  Assure.  ^R. 
Wagner.) 

cerebellum,  so  that  on  looking  down  on  the  brain  from  above,  the  cere- 
helium  is  (jnite  concealed  from  view.  The  surface  of  the  hemispheres 
is  at  first  quite  smooth,  but  as  early  as  the  third  month  the  great  Sylvian 
fissure  begins  to  he  formed  (fig,  503). 
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The  Dext  to  appear  is  the  parieto-oeeipital  or  perpendicular  fiMllv; 
these  two  great  fissures,  unlike  the  rest  of  the  eulei,  are  formed  by  ftcunr- 
ing  round  of  the  whole  cerebnil  mass. 

In  the  sixth  month  the  fissure  of  Ilolando  appears:  irnm  this  time 
till  the  end  of  fcetal  life  the  hrain  prows  rapidly  in  size^  and  the  convo- 
lutions appear  iu  quick  succession;  Erst  the  great  primary  0De§  are 
sketched  out,  then  the  secondary ,  and  lastly  the  tertiary  ones  in  the 
sides  of  the  fissures.  The  commissures  of  the  brain  (anterior,  middle, 
and  posterior),  and  the  corpus  callosum^  are  developed  by  the  growth  of 
fibres  across  the  middle  Hne. 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  gTftj 
matter  from  the  exterior  into  the  lateral  ventricles.  The  essential  points 
in  the  structure  and  arrangement  of  the  various  partg  of  the  brain,  are 
diagrammatioally  shown  in  the  two  accompanying  figures  (figs,  509,  50?)* 

The  Special  Sense  Organs, 

The  Eye. — Soon  after  the  first  three  cerebral  vesicles  have  become 
distinct  from  each  other,  tlie  anterior  one  sends  out  a  lateral  vesicle  from 
each  side  (primary  optic  vesicle),  which  grows  out  toward  the  free  sur- 
face, its  cavity  of  course  communicating  with  that  of  the  cerebral  TeBiolo 
through  the  canal  iu  its  pedicle.     It  ia  soon  met  and  invaginated  by  an 


I 
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Fi^.  SOI.— lADj^itucUnjLl  sectlcm  of  the  prtmarr  optic  ▼enlcle  tn  the  chfck  ma^liled  (ft<Hi 
iiik).— A,  from  an  (sjnbryo  of  «i3rty-flvt^  lunint;  B.  a  f       ^  i--—    ^     -  ...     -      ..*    - 

L-orueoiu  lajrer  or  epfacnnlii,  prt^H^ntin^  in  A 


Rptuiik).— A,  from  an  (sjnbryo  of  «i3rty-flvt^  huui 
ttit"  L-orueoiu  layer  or  epfacnnlii, 
clo0Mi  in  B  AOd  C;  I,  the  lens  foU 


few  boun  Uter;  C^  ot  ib»  fourUi  dikf :  e, 

tlH^  open  deprwion  for  tbe  laoA,  w&A  U 

h"  and  lent):  pr.  tht>  prfnUMJ  0|>tlo  veslcta;  in  A  tia&  B,  Ihtt 

LMMlicXe  ia  shown;  In  C,  th*?  section  lj*?(nji  to  tlie  aide  of  the  pe<|lcl      '•-•"'         -     - 
um  •eooodju'y  ooular  vehicle  and  vHneoua  himior. 


ingrowing  process  from  the  epibhist  {%.  504),  %'ery  much  as  the  grow- 
ing tooth  is  met  by  the  process  of  epithelium  which  produces  the  enamel 
organ.  This  process  of  the  epibhist  is  at  first  a  deprefision,  which  ulti- 
mately becomes  closed  in  at  the  edges  bo  as  to  produce  a  hollow  ball, 
which  is  thus  completely  severed  from  the  epithelium  with  whioh  it  wat 
originally  continuous.  From  this  hollow  ball  the  crystalline  lena  is 
dereloped.  The  way  in  which  this  occurs  has  been  indicated  iu  a  pre- 
Tious  chapter  under  the  head  of  structure  of  the  lens.  By  the  Ingrowth 
of  the  lens  the  anterior  wall  of  the  primary  optic  vesicle  is  forced  back 
nearly  into  contact  with  the  posterior,  and  thus  the  primary  optic 
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cle  is  nlmoflt  oblitemteil  The  cells  in  the  anterior  wall  are  much  longer 
than  those  of  the  posterior  wall;  from  the  former  the  retina  proper  is 
developed,  from  the  latter  the  retinal  pigment 

The  cup-shaped  hollow  in  which  the  lens  is  now  lodged  is  termed 
the  secondary  optic  vesicle:  its  walls  grow  np  all  round,  leaving,  how- 
ever, a  slit  at  the  lower  part, 
^k       CImroidal  Fissure, — Through  this  slit  (lig;  5i>6),  often  termed  the 
^choroidal  Jissure,   a  process  of  raesoblast  containing  numerous  blood- 


Fig.  505. 
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Fig.  S06.^Diai7r&m matte  skc'tch  of  a  Tc^rtfeal  longitudinal  section  throuG^h  the  ey«batl  of  a 
humaD  fdHUR  of  four  weekit.  The  »e>!etJon  in  a  llttk^  t*t  t\w  nIcI<^^  so  oh  to  nv{>id  poisMliijp  througfi 
tht*  <x'uJftr  cleft;  c,  the  cuticle  where'  it  betHimesi  Iftter  the  txinif^l  efiftheliura;  ^  Lh©  lemi;  Qp^ 
optic  nvrve  formed  by  th«  peNiicle  of  tlup  primary  optic  veslch^;  i^j.  ijrimarv  mwluUaiT  cavftj  or 
optic  Te«lci«;  jD,  the  pimiMJtit  layer  of  the  retina;  r,  the  inoer  wall  forming  the  retfiia  proper; 
««,  SDCondary  optic  T«elcl«  eont^iiriini^  the  ruUlmetit  of  the  vltreoii^i  humor,     x:  100.     CK51H1ter.> 

Tig.  500^— IraDSVorae  Tertical  Rectitm  of  tJie  eyeball  of  n  btimaa  emliryo  of  four  weeks.  The 
ftDtertor  half  of  the  section  Ji»  re|jreseijt*»d :  pr,  the  reiiiaLtui  of  the  cavity  at  tlie  primary  optic 
▼tsslele;  p,  tlie  toner  part  of  the  oyt«r  layer  forming  th^  n^tiiml  pl^rment:  r,  the  thickened  inner 

Cginnk  ri«6  to  the  coliimmir  and  other  (ttructures  of  the  retina;  t*  the  commencing  vilreou« 
or  within  the  necondary  optic  vesicle;  f',  the  ocular  elefl:  tbrotig'h  wliich  the  lt»op  Kit  tli« 
central  blood-vrajsel,  a,  |»rojt?otrt  from  below;  l»  the  lens  with  a  ceotral  cavity.  x  100. 
(Kolliker.) 

vessel  a  projects,  and  occupies  the  cavity  of  the  secondary  optic  vesicle 
behind  the  lens,  lilling  it  with  vitreous  humor  and  furnishing  the  lens 
capsule  and  the  capsulo-pupillary  membraue.  This  process  in  numimala 
projeetfl,  not  only  into  the  seconilary  optic  vesicle,  but  also  into  the 
pedicle  of  the  primary  optic  vesicle  invagiuating  it  for  some  distance 
from  beneath,  and  thus  carrying  up  the  arteria  centralis  reiinw  into  its 
permanent  position  iu  the  centre  of  the  optic  nerve. 

This  invagination  of  the  optic  nerve  does  not  occur  in  birds^  and 
consequently  no  arteria  centralis  retinie  exista  in  them.  But  they  poa- 
sesB  an  important  permanent  relic  of  the  original  protrusion  of  the  meso- 
blast  through  the  choroidal  fissure,  iu  the  pecten^  while  a  remnant  of 
the  game  fissure  aometimea  occurs  in  man  under  the  name  eoloboma  iri- 
dis.  Tlie  cavity  of  the  primary  optic  vesicle  becomes  completely  obliter- 
ated, and  the  rods  and  cones  growing  up  from  the  external  limiting 
membrane,  get  into  apposition  with  the  pigment  layer  of  the  retina. 
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Tho  inner  segmenta  of  the  rods  become  the  first  formed,  then  the  ooter. 
The  cavity  of  it«  pedicle  disappears  aud  tho  solid  optic  nerve  is  formed. 
Meau while  the  cavity  which  existed  in  the  centre  of  the  primitive  lens 
becomes  filled  up  by  the  growth  of  fibres  from  its  posterior  wall.  The 
epithelium  of  the  cornea  is  developed  from  the  epiblast,  while  the  cor- 
neal tissue  proper  is  derived  from  the  meaoblasi  which  intervenes  between 
the  epiblast  and  the  primitive  lens  which  was  originally  continnouB 
with  it.  The  sihrotie  coat  ig  developed  round  the  eyeball  from  the 
general  mesoblaat  in  which  it  is  embedded.  The  r/tome^  ia  developed 
from  the  mesohlast  on  the  outside  of  the  optic  cup  and  the  iris  by  the 
growing  forward  of  the  anterior  edge  of  the  optic  cup^  both  layere  of 
which  becoming  pigmented  remain  m  the  uvea.  Externally  the  cho- 
roidal mesoblast  grows  inward  to  form  the  main  structure.  The  cihary 
processes  arise  from  the  hypertrophy  of  the  edge  of  the  optic  cup  which 
forms  folds  into  which  the  choroidal  mesoblast  grows,  and  in  which 
blood-vessels  and  pigmcnt-celU  develop. 

The  iris  is  formed  rather  late,  m  a  circular  septum  projecting  in- 
ward, from  the  fore  part  of  the  choroid,  between  the  lens  and  the 
cornea.  In  the  eye  of  the  fcn'tus  of  mammalia,  the  pupil  is  closed  by  a 
delicate  membrane,  the  memhmna  pupillarh,  which  forms  the  front  por- 
tion of  a  highly  vascular  membrane  that,  in  the  foetus,  surroundfl  the 
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Ftg.  807.— Blood-Twwelft  of  ttw  eapBulo-piiiiinary  ttipmbrane  of  ft  new-bom  kitt<ii,  nugiiiflid. 
Thm  dmwlDg  is  taken  from  a  preparatifrn  lnj*s't^ii  \\x  Tlers^cti^  and  sbowH  in  the  ceatjml  pul  tlw 
convergenct.'  of  the  net-w*frk  of  veawHiH  in  \hv  \mp\\\&ry  menibmue.     (KMUlkBr  ) 

lens,  and  is  named  the  memhrana  capsnh-pupiUaris  (fig.  507).  It  is 
supplied  with  blood  by  a  branch  of  the  arlerm  centralh  rethuB^  which, 
passing  forward  to  the  back  of  the  lens,  there  subdivides.  The  mem- 
brana  capsiilo-pupillaris  withers  aud  disappears  in  the  human  subject  a 
short  time  before  birth. 

The  eyelids  of  the  human  subject  and  mammiferous  animiile,  like 


DEVELOPMENT.  797 

those  of  birds,  are  first  developed  in  the  form  of  a  ring.  They  then  ex- 
tend over  the  globe  of  the  eye  until  they  meet  and  become  firmly 
agglutinated  to  each  other.  But  before  birth,  or  in  the  camivora  after 
birth,  they  again  separate. 

The  Ear. — Very  early  in  the  development  of  the  embryo  a  depres- 
sion or  ingrowth  of  the  epiblast  occurs  on  each  side  of  the  head  which 
deepens  and  soon  becomes  a  closed  follicle.  This  primary  optic  vesicle^ 
which  closely  corresponds  in  its  formation  to  the  lens  follicle  in  the  eye, 
sinks  down  to  some  distance  from  the  free  surface ;  from  it  are  developed 
the  epithelial  lining  of  the  membranous  labyrinth  of  the  internal  ear, 
consisting  of  the  vestibule  and  its  semicircular  canals  and  the  scala  media 
of  the  cochlea.  The  surrounding  mesoblast  gives  rise  to  the  various 
fibrous  bony  and  cartilaginous  parts  which  complete  and  inclose  this 
membranous  labyrinth,  the  bony  semicircular  canals,  the  walls  of  the 
cochlea  with  its  scala  vestibuli  and  scala  tympani.  In  the  mesoblast 
between  the  primary  optic  vesicle  and  the  brain,  the  auditory  nerve  is 
gradually  differentiated  and  forms  its  central  and  peripheral  attachments 
to  the  brain  and  internal  ear  respectively.  According  to  some  authori- 
ties, however,  it  is  said  to  take  its  origin  from  and  grow  out  of  the  hind 
brain. 

The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the  external 
auditory  passage,  are  remains  of  the  first  branchial  cleft.  The  mem- 
brana  tympani  divides  the  cavity  of  this  cleft  into  an  internal  space, 
the  tympanum,  and  the  external  meatus.  The  mucous  membrane  of 
the  mouth,  which  is  prolonged  in  the  form  of  a  diverticulum  through 
the  Eustachian  tube  into  the  tympanum,  and  the  external  cutaneous 
system  come  into  relation  with  each  other  at  this  point;  the  two  mem- 
branes being  separated  only  by  the  proper  membrane  of  the  tympanum. 

The  pinna  or  external  ear  is  developed  from  a  process  of  integument 
in  the  neighborhood  of  the  first  and  second  visceral  arches,  and  probably 
corresponds  to  the  gill-cover  (operculum)  in  fishes. 

The  Nose. — The  nose  originates  like  the  eye  and  ear  in  a  depression 
of  the  superficial  epiblast  at  each  side  of  the  fronto-nasal  process  (pri- 
mary olfactory  groove),  which  is  at  first  completely  separated  from  the 
cavity  of  the  mouth,  and  gradually  extends  backward  and  downward  till 
it  opens  into  the  mouth. 

The  outer  angles  of  the  fronto-nasal  process,  uniting  with  the  max- 
illary process  on  each  side,  convert  what  was  at  first' a  groove  into  a 
closed  canal. 

The  Alimentary  Canal. 

The  alimentary  canal  in  the  earliest  stages  of  its  development  con- 
sists of  three  distinct  parts — the  fore  and  hind  gut  ending  blindly  at 
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each  end  of  the  body,  and  a  middle  segment  which  communicates  freelj 
on  its  ventral  surface  with  the  cavity  of  the  yolk-sac  through  the  vitel- 
line or  oniphalo-mesentcric  duct. 

From  the  fore- gut  are  formed  the  pharynx^  cpsophagusi  and  stomach; 
from  the  hind-gut,  the  lower  end  of  the  colon  and  the  rectum.  The 
mouth  is  developed  by  an  invokition  of  the  epihla«t  between  the  maxil- 
lary and  mandibular  processes,  which  becomes  deeper  and  deeper  till  it 
reaches  the  blind  end  of  the  fore*gut,  and  at  length  communicAtes  freelj 
with  the  pharynx  by  the  absorption  of  the  partition  between  the  two. 

At  the  other  end  of  the  alimentary  canal  the  anus  is  formed  in  a  pre- 
cisely similar  way  by  an  involution  from  the  free  surface,  which  at  length 
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Fig.  008.— Ouilinw  of  tbe  form  and  position  of  the  AllmentAry  caoAl  in  sucmmIw 
Us  deir«loptneiit.  A,  aUmeotaj^  omiaI^  «ti\.  in  an  embryo  of  fotir weeks;  B,  al  ils  W^ 
«lf^t  m^fm\  D,  at  ten  weeks;  f,  the  pHmitivi>  lynifft  ecjaoecled  with  the  pharynx;  a«  tllai 
If,  dtiodeouin ;  i\  the  noall  lnt««tini» ;  i\  the  largre ;  c,  thi*  cibcuiii  and  ▼ermlform  apfwadM^;  r,  w 
rectum;  d.  in  A,  the  oli>»iui;  a,  in  B,  th^  anuM  dltttloet  from  a  »,  the  sJotw  uro^^mltalli:  fvl^ 
volk^iQc;  V  i\  the  vttello-ititeatlnal  duet:  t4,  the  urinary  bladder  and  urachui  l«adlfig  ia»  tkaal* 
tantolt;  g^  genital  ductH.     (Alien  ThwiuioD.) 

Opens  into  the  hind-gut.  When  the  depression  from  the  fri^  surface 
does  not  reaeh  the  intestine,  the  condition  known  aa  imperforate  amii 
results,  A  similar  condition  may  exist  at  the  other  end  of  Uie  alimeii- 
tary  canal  from  the  failure  of  the  involution  which  forms  the  month,  to 
meet  the  fore-gut.  The  middle  portion  of  the  digestive  canal  beoOBiet 
more  more  and  closed  in  till  iU  originally  wide  communication  with  thi^ 
yolk-sac  liecomes  narrowed  down  to  a  small  duct  (vitelline),  lliis  duct 
usually  completely  disappears  in  the  adult,  hut  occasionally  the  proximal 
]K)rtkm  remains  as  a  diverticulum  from  the  intestine.  Sometimeg  a 
iihrous  cord  attaching  some  part  of  the  intestine  to  the  umbilicua,  re- 
mains  to  represent  the  vitelline  duct.  Such  a  cord  ha«  been  known  lo 
canae  in  after-life  strangulation  of  the  bowel  and  deaths 
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The  alimentary  canal  lies  in  the  form  of  a  straight  tnbe  cloae  beneath 
the  Tertebral  column,  but  it  gradually  becomes  divided  into  its  special 
parts,  stomach,  small  intestine,  and  large  intestine  (Mg.  508),  and  at 
the  same  time  comes  to  be  suspended  in  the  abdominal  e4iTity  by  means 
of  a  lengthening  mesentery  formed  from  the  gplanchnopleure  which  at- 
taches it  to  the  vertebral  column.  The  stomach  originally  has  the  same 
direction  as  the  rest  of  the  canal;  its  cardiac  extremity  being  superior, 
its  pylorus  inf^or.  The  changes  of  position  which  the  alimentary  canal 
undergoes  may  be  readily  gathered  from  the  accompanying  figures  (fig, 
508), 

Pancreas  and  Salivary  Glands. — The  principal  glands  in  connec- 
tion with  the  intestinal  canal  are  the  salivary,  pancreas,  and  the  liver. 
In  mammalia,  each  salivary  gland  first  appears  as  a  simple  canal  with  bud* 


F1^.  BOD.— Lobules  of  tb«  pcirotld,  with  th«  Rail  vary  dueUK  in  the  ombr^'o  of  tlie  sheep,  at  a  mom 


like  processes  (%,  509),  lying  in  a  gelatinous  nidus  or  blastema,  and 
communicating  with  the  cavity  of  the  mouth.  As  the  development  of 
the  gland  advances,  the  canal  becomes  more  and  more  ramified,  increas- 
ing at  the  expense  of  the  blastema  in  which  it  is  still  inclosed.  The 
branches  or  salivary  ducts  constitute  an  independent  system  of  closed 
tubes  (fig.  509).  The  pancreas  is  developed  exactly  as  the  salivary 
glands,  but  is  develo[>ed  from  the  hypoblast  lining  the  intestine,  while 
the  salivary  glands  are  formed  from  the  epiblast  lining  the  mouth. 

The  Liver,— The  liver  is  developed  by  the  protnisiori,  as  it  were, 
of  a  part  of  the  walls  of  the  fore-gut,  in  the  form  of  two  conical  hollow 
branches,  which  embrace  the  common  venous  stem  (figs.  510,  511).     The 
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outer  part  of  these  cones  invokes  the  orophalo-mesenteric  rein,  which 
breaks  up  in  its  interior  into  a  plexus  of  ctapillaries,  ending  in  venoai 
trunks  for  the  conveyance  of  the  blood  to  the  heart.  Tlie  inner  portion 
of  the  cones  oonBists  of  a  number  of  solid  cylindrical  masses  of  cella, 


^^v 
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Fl^.  510.— Dlftgrram  of  part  of  dict!stive  tmct  tif  a  chick  fith  day>.    The  black  line  i 


hypNiblaAt,  the  ouUt  shmling  tnt^aobmiit ;  Ig,  lung  div(*rticulum  vitb  <>xpaiide<i  eod  fonnlJieii, 
Duu-Y  lunip-veBlck*;    St,  ^iouuu^i  L  two  lit^patic  diverticula,  with  their  terminatioiu  unitad  by  J 
fiolid  rows  of  bytxiblaMt  cells ;  p,  diverticultuu  uf  tile  imaa^eas  witli  Uus  vesicular  diTertieak 
oomlug  frcHD  it.    (Giittc*. ) 


derived  probfibly  from  the  hypobhist,  which  become  gradually  hollowed 
by  the  formation  of  the  hepatic  ducts,  and  among  which  blood-vesaela 
are  rapidly  developed.  The  gland  cells  of  the  organ  are  derived  fro 
the  hypoblast,  the  connective  tissue  and  ^^essels  without  doubt  from  tl 


Fiu,  Ml.— Kii(ilTni»nt«  of  tin*  liver  nn  the  lnt*^in»>  of  a  chk*k  at  the  fifth  day  of  IncubtttioiL 
1,  heart;  51,  iut^^stine;  \  dlvi^rticuliiu;  of  th^  *tit<^tiiie  in  which  the  liver  (4)  is  developed;  4,  pMt 
of  tht*  ttiuenuA  layer  of  tht-  ffi'mnoal  tij#»mbran«*.     (Mttller. > 

mesoblast.  The  gull-bladder  is  developed  as  a  diverticulum  from  the 
hepatic  duct.  The  spleen,  lymphatic,  and  thymus  glands  are  developed 
from  the  mesoblast:  tbe  thyroid  partly  also  from  the  hypoblast,  whicb 
grows  into  it  as  a  diverticulum  from  the  fore-gut. 
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The  Respiratory  Apparatus. 

The  Lungs,  at  their  first  development,  appear  as  small  tubercles  or 
diverticula  from  the  abdominal  surface  of  the  oesophagus. 

The  two  diverticula  at  first  open  directly  into  the  oesophagus,  but  as 
they  grow,  a  separate  tube  (the  future  trachea)  is  formed  at  their  point 
of  fusion,  opening  into  the  oesophagus  on  its  anterior  surface.  These 
primary  diverticula  of  the  hypoblast  of  the  alimentary  canal  send  off 
secondary  branches  into  the  surrounding  mesoblast,  and  these  again 
give  off  tertiary  branches,  forming  the  air-cells.  Thus  we  have  the 
lungs  formed :  the  epithelium  lining  their  air-cells,  bronchi,  and  trachea 
being  derived  from  the  hypoblast,  and  all  the  rest  of  the  lung-tissue, 


Fig.  513  iHustTates  the  derelopment  of  th?  respiratorv  organs,  a,  is  the  cBSophagusof  Schick 
on  the  fourth  day  of  incubation,  with  the  rudiments  of  the  trachea  on  the  lung  of  the  left  side, 
Tiewed  laterally;  1,  the  inferior  wall  of  the  (Bsophagus;  2.  the  upper  portion  of  the  same  tube; 
8,  the  rudimentary  lung;  4,  the  stomach;  b,  is  the  same  object  seen  from  below,  so  that  both 
lungs  are  yisible.  o,  shows  the  tongue  and  respiratory  organs  of  the  embryo  of  a  horse;  1,  the 
tongue;  8,  the  larynx;  8,  the  trachea;  4,  the  lungs  viewed  from  the  upper  side.    (After  Rathke.) 

nerves,  lymphatics,  and  blood-vessels,  cartilaginous  rings,  and  muscular 
fibres  of  the  bronchi  from  the  mesoblast.  The  diaphragm  is  early  de- 
veloped. 

The  Genito-Urinary  Apparatus. 

The  Wolffian  bodies  are  organs  peculiar  to  the  embryonic  state, 
and  may  be  regarded  as  temporary,  rather  than  rudimental,  kidneys; 
for  although  they  seem  to  discharge  the  functions  of  these  latter  organs, 
they  are  not  developed  into  them. 

The  Wolffian  duct  makes  its  appearance  at  an  early  stage  in  the  his- 
tory of  the  embryo,  as  a  cord  running  longitudinally  on  each  side  in 
the  mass  of  mesoblast,  which  lies  just  externally  to  the  intermediate  cell- 
mass  {ung^  fig.  513).  This  cord,  at  first  solid,  becomes  gradually  hol- 
lowed out  to  form  a  tube  (Wolffian)  which  sinks  down  till  it  projects 
beneath  the  lining  membrane  into  the  pleuro-peritoneal  cavity. 

The  primitive  tube  thus  formed  sends  off  secondary  diverticula  at 
frequent  intervals  which  grow  into  the  surrounding  mesoblast:  tufts  of 
vessels  grow  into  the  blind  ends  of  these  tubes,  invaginating  them  and 
producing  Malpighian  bodies  very  similar  in  appearance  to  those  of  the 
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permanent  Icidney,  which  const itu to  the  subBtance  of  the  WolfBan  body. 
Meanwhile  another  portion  of  raesoWaBt  between  the  Wolffian  body  ftod 
the  meseatery  projects  in  the  form  of  a  ridge,  covered  on  its  free  sur&os 


Fir.  633,— Tnu)8T«rBe  secticm  of  crobryA  chick  rthird  dAjr).  mr^  radifiieot«f7  iplBji]  isord :  tfa* 
piiiBin^re  oeotral  ciiiial  hu  become  constricted  In  the  middle:  cK  notocAiord;  %mh^  {"^mordM 
yertebnl  mam;  m,  EDti«cle-ptAte ;  cfr,  if/,  hypoblaet  and  Tiaoeral  lurer  or  m«iiQbla«t  IteliNr 
■rocTfA,  whfcb  Is  not  yet  closed  In  to  form  ihe  iDtestlooi;  a  o,  one  of  tfie  prtmlUTu  mortm;  m  «, 

wolfriftn  body;  wnp,  Wollflan  duct;  --....-.-._*.  -     - 

r»'flwtion  t4>  fomi  «/,  amniotic  fold 


olfriftn  body;  ung,  WolffUn  duct;  re,  Teatk  cardtnAlis;  K,  eblblaat;  hp^womaUnf^eur^  *Bd  11a 
'  * '    P^  pleuro-peritonwd  cavity.    (KOUikar,} 


with  epithelium  termed  germ  epithelium.     From  ibis  projection  is  de- 
veloped the  reproductive  gland  (ovary  or  testis  as  the  case  may  be). 

Simultaneoualy,  on  the  outer  wall  of  the  Wolffian  botly,  between  it , 
and  the  bcHiy-wall  on  each  side,  an  involution  is  formed  from  theplearrvj 
peritoneal  cavity  in  the  form  of  a  longitudinal  furrow,  whose  edges  M 
cloae  over  to  form  a  duct  (M filler's  duct). 

All  the  above  points  are  shown  in  the  accompanying  fignres,  513,  514.1 
The  Wolffian  bodies,  or  temporary  kidneys,  as  they  may  be  termed, 
give  place  at  an  early  period  in  the  human  foetus  to  their  successors,  the 
permanent  kidneys,  which  are  develope^d  behind  them.  They  diminish 
rapidly  in  size,  and  hy  the  end  of  the  third  month  have  almost  entirdy 
disappeared.  In  connection,  how^ever,  with  their  upper  part,  in  tbs 
male,  there  are  developed  from  a  new  mass  of  blastema,  the  nun  ij^'s- 
reniia^  roni  rasndom\  and  ffhhiis  major  of  the  epididymis;  and  thus  b 
brought  about  a  direct  connection  between  the  secreting  pArt  of  tb* 
testicle  and  its  duct.  The  Wolffian  ducts  persist  in  the  male,  and  ate 
developed  to  form  the  body  and  globua  minor  of  the  epididjrmis,  the  vis 
deferens,  and  ejaculatory  duct  on  each  side,  the  vesiculfe  seminalee  form* 
ing  diverticula  from  their  lower  part.  In  the  female  a  small  relic  of 
the  Wolffian  body  persists  as  the  parot^rium;  in  the  male  a  similar  nslic 
is  termed  the  organ  of  Giraldh.  The  lower  end  of  the  Wolffian  duct 
remains  in  the  female  as  the  duct  of  Oaerinsr  which  desoouds  toward, 
and  is  loet  upon^  the  anterior  wall  of  the  vagina. 
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From  the  lower  end  of  the  Wolffian  duct  a  diverticulum  grows  back 
along  the  body  of  the  embryo  toward  its  anterior  extremity,  and  ulti- 
mately forma  the  ureter.  Secondnry  diverticula  are  given  off  from  it 
and  grow  into  the  surrounding  blastema  of  hlood-Tessels  and  cells. 

Malpighian  bodies  are  formed  just  as  in  the  Wolffian  body,  by  the 
invagination  of  the  blind  kiioblH3d  end  of  these  divcrtieula  by  a  tuft  of 
vessels.  This  process  is  precisely  similar  to  the  invagination  of  the  pri- 
mary optic  vesicle  by  the  rudimentary  lens.  Thus  the  kidney  is  devel- 
oped, consisting  at  first  of  a  number  of  separate  lobules;  this  condition 
remaining  throughout  life  in  many  of  the  lower  animals,  ^*9*t  steals  and 
whales,  and  traces  of  this  lobulation  being  visible  in  the  human  fctttus  at 
birth.     In  the  adult  all  the  lobules  are  fused  into  a  compact  solid  organ. 


Fijr.  514.— 8«»ctlon  of  int^rrop^liatp  rf"U*mafi»  on  thn  fourth  diiy,  m,jf^»enivTj\  /^,  Knnmt^ 
pleure;  n,  ff^rtiiltxAl  f'pitht^lium,  from  which  z.  tlu-  thirl  of  MfUler,  h#^ocnes  ItivnJijt***! ;  n,  thJ*:k- 
«i«lpArtor  RffrTninai  epitli«'ljum  in  whirh  the  primitivft  ova  Oand  o,  ar**  lyinj^r;  iC,  modified 


» 


which  wUl  form  the  fftromii  of  the  ovary;  WK^  WolfflAii  \Mdj\  y,  WoUnaii  dud^;  x 
IBO.    iWiiIdeyerJ 

The  supra-renal  capsules  originate  in  a  mass  of  mesoblast  just  aboTe 
the  kidneys;  soon  after  their  first  appearance  they  are  very  much  larger 
than  the  kidneys  (see  %.  515) »  but  by  the  more  rapid  growth  of  the 
latter  this  relation  is  soon  reversed* 

The  first  appearance  of  the  generative  gland  has  been  already  de- 
scribed: for  some  time  it  is  impossible  to  determiue  whether  an  ovary 
or  testis  will  he  developed  from  it;  gradually  however  the  special  char- 
acters belonging  to  one  of  them  appear,  and  in  either  case  the  organ 
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aoon  begins  to  aaBume  a  relatively  lower  position  in  the  body;  the  oTaries 
being  ultimately  placed  in  the  pelvis;  while  toward  the  end  of  foetal 
existence  the  testicles  descend  into  the  scrotum,  the  testicle  enteriiig 
the  internal  inguinal  ring  in  the  seventh  month  of  foetal  life,  and  com- 
pleting its  descent  through  the  inguinal  canal  and  external  ring  into 
the  scrotum  by  the  end  of  the  eighth  month.  A  pouch  of  peritoneum, 
the  processus  vaginalis^  precedes  it  in  its  descent,  and  ultimately  fonns 


Fig.  515.— Diagram  showing  the  relations  of  tiie  female  (the  left-hand  figure  9  )  and  of  ibe 
male  O^e  right-hand  figure  i  )  reproductiTe  oraans  to  the  general  plan  (the  middle  flgoit  of 
these  organs  in  the  higher  vertebrata  (including  man).  CI,  cloaca:  R^  rectum:  BU  urinvy 
hladder;  U,  ureter;  IT,  kidney;  U  A.  urethra;  &,  genital  gland,  ovary,  or  testis;  fT,  Wolfflsfi 
body;  YTd,  Wolffian  duct;  M,  Mfillerian  duct;  Pbv^  prostate  gland;  Cp^  (Xtwper's  gland;  C«ip, 
corpus  spongiosum ;  C  c,  corpus  cavemoeum. 

In  the  femcUe.—V,  vagina;  U  f,  uterus;  Fp^  Fallopian  tube;  O  f,  Oaertner's  duct;  Pr,  psr- 
ovarium;  A^  anus;  C c^  C»py  clitoris. 

In  tht  male.—Cap,  C  c,  penis;  U  ty  uterus  masculinis;  K«,  vesicula  seminalis;  Vd^^v 
deferens.    (Huxley.) 


the  tunica  vaginalis  or  serous  covering  of  the  organ ;  the  (X)mmunica- 
tion  between  the  tunica  vaginalis  and  the  cavity  of  the  peritoneum  being 
closed  only  a  short  time  before  birth.  In  its  descent,  the  testicle  or 
ovary  of  course  retains  the  blood-vessels,  nerves,  and  lymphatics,  which 
were  supplied  to  it  while  in  the  lumbar  region,  and  which  are  compelled 
to  accompany  it,  so  to  speak,  as  it  assumes  a  lower  position  in  the  body. 
Hence  the  explanation  of  the  otherwise  strange  fact  of  the  origin  of  these 
parts  at  so  considerable  a  distance  from  the  organ  to  which  they  are  dis- 
tributed. 

Descent  0/  the  Testicles  into  the  Scrotum. — The  means  by  which  the 
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descent  of  the  testicles  into  the  scrotum  is  effected  are  not  fully  and 
exactly  known.  It  was  formerly  believed  that  a  membraneous  and  partly 
muscular  cord,  called  the  gubernaculum  tesiis^  which  extends  while  the 
testicle  is  yet  high  in  the  abdomen,  from  its  lower  part,  through  the 
abdominal  wall  (in  the  situation  of  the  inguinal  canal)  to  the  front  of 
the  pubes  and  lower  part  of  the  scrotum,  was  the  agent  by  the  contraction 
of  which  the  descent  was  effected.  It  is  now  generally  thought,  how- 
ever, that  such  is  not  the  case,  and  that  the  descent  of  the  testicle  and 
ovary  is  rather  the  result  of  a  general  process  of  development  in  these 
and  neighboring  parts,  the  tendency  of  which  is  to  produce  this  change 
in  the  relative  position  of  these  organs.  In  other  words,  the  descent  is 
not  the  result  of  a  mere  mechanical  action,  by  which  the  organ  is  dragged 
down  to  a  lower  position,  but  rather  one  change  out  of  many  which 
attend  the  gradual  development  and  re-arrangement  of  these  organs. 
It  may  be  repeated,  however,  that  the  details  of  the  process  by  which 
the  descent  of  the  testicle  into  the  scrotum  is  affected  are  not  accurately 
known. 

The  homologue,  in  the  female,  of  the  gubernaculum  testis  is  a 
structure  called  the  round  ligament  of  the  uterus^  which  extends  through 
the  inguinal  canal,  from  the  outer  and  upper  part  of  the  uterus  to  the 
subcutaneous  tissue  in  front  of  the  symphysis  pubis. 

At  a  very  early  stage  of  fc9tal  life,  the  Wolffian  ducts,  ureters,  and 
Mullerian  ducts,  open  into  a  receptacle  formed  by  the  lower  end  of  the 
allantois,  or  rudimentary  bladder;  and  as  this  communicates  with  the 
lower  extremity  of  the  intestine,  there  is  for  the  time,  a  common  recep- 
tacle or  cloaca  for  all  these  parts,  which  opens  to  the  exterior  of  the 
body  through  a  part  corresponding  with  the  future  anus,  an  arrange- 
ment which  is  permanent  in  reptiles,  birds,  and  some  of  the  lower  mam- 
malia. In  the  human  foetus,  however,  the  intestinal  portion  of  the 
cloaca  is  cut  off  from  that  which  belongs  to  the  urinary  and  generative 
organs;  a  separate  passage  or  canal  to  the  exterior  of  the  body,  belong- 
ing to  these  parts,  being  called  the  sinus  uro-geniialis.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from  before 
backward  or  from  above  downward,  into  a  *pars  urinaria'  and  a  *pars 
genitalis. '  The  former,  continuous  with  the  urcu^hus^  is  converted  into 
the  urinary  bladder. 

The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed  from 
the  Mullerian  ducts  (tig.  516,  m),  whose  first  appearance  has  been  al- 
ready described.  The  two  Mullerian  ducts  are  united  below  into  a  sin- 
gle cord,  called  the  genital  cordy  and  from  this  are  developed  the  vagina, 
as  well  as  the  cervix  and  the  lower  portion  of  the  body  of  the  uterus; 
while  the  ununited  portion  of  the  duct  on  each  side  forms  the  upper 
part  of  the  uterus,  and  the  Fallopian  tube.  In  certain  cases  of  arrested 
52 
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or  abnormal  development,  these  portions  of  the  Mfillerian  dncte  may  not 
become  fused  together  at  their  lower  extremities,  imd  ihf^n^  h  loft  a 
cleft  or  horned  condition  of  the  tipper  puirt  of  the  uterus  resembling  a 
condition  which  is  permanent  in  certuin  of  the  lower  tuii mills. 

In  the  male,  the  Mnllerian  ducts  Imve  no  speeiul  function,  and  ure 
but  siiglitly  developed.  The  hydatid  of  Morgagni  istho  remnant  of  the 
upper  part  of  the  Miillerian  duet.  The  small  prostatic  pouch,  ttterys 
masciiUnuSy  or  sinus  pocular is ^  forms  the  atrophied  remnant  of  the  dia* 


■ezmf ' 


0  c<  geiiiuti 


■  t-ram  of  the  Wolfflaa  b^jtlii-*.  MtUleriaD  duct»  and  a '^ *  y-itim  ^vnfritiiim 

!us  stvti  from  btrforv.     irr,  ttit^  Aiipra-rvnikl  luxlttw;  r  -^ ;  •>;,  nvmoi 

or  ti?»lic1i."a:  W,  Wolflnao  twwli*'**;  «r,  WoUTlati  dm  atli'NTf&a 


tal  end  of  the  geniUl  cord,  and  is,  of  course,  therefore,  the  horooh 
in  the  male,  of  the  vagina  and  uterus  in  the  female. 

The  external  parts  of  generation  aro  at  first  the  same  in  both  mxt 
The  opening  of  the  gen ito- urinary  apparatus  is,  in  Ifoth  aexos^  bound 
by  two  folds  of  skin,  while  in  front  of  it  there  is  formed  a  penia-liki 
body  surinonntcd  by  a  ghms,  and  cleft  or  furrowec]  nlong  its  under  sur- 
fucOt  The  Imrders  of  the  furrows  diverge  posteriorly,  running  at  lli« 
aideaof  the  gen it«»-uri nary  orifice  internally  to  the  cutaneooa  folds  |iiil 
mentioned.  In  the  female^  this  body  becoming  retra<?ti*d,  fonas  Ihe 
clitoris,  and  the  margins  of  the  furrow  on  its  under  surface  are  coiiTertad 
into  the  nymphm  or  lahia  minora,  the  labia  majora  pudenda}  being  ooo- 
stitnted  by  the  great  cutaneous  folds.     In  the  male  fojtus,  tbe  tnargiiii 
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of  the  furrow  at  the  under  surface  of  the  penis  unite  at  about  the  four- 
teenth week,  and  form  that  part  of  the  urethra  which  is  included  in  the 
penis.  The  large  cutaneous  folds  form  the  scrotum,  and  later  (in  the 
eighth  month  of  development),  receive  the  testicles,  which  descend  into 
them  from  the  abdominal  cavity.  Sometimes  the  urethra  is  not  closed, 
and  the  deformity  called  hypospadias  then  results.  The  appearance  of 
hermaphroditism  may,  in  these  cases,  be  increased  by  the  retention  of 
the  testes  within  the  abdomen. 
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CLASSIFICATION  OF  THE  ANIMAL  KINGDOM. 


A.— VERTEBRATA. 


Mammalia 

Moiiod«lphia 
Primates 
Cheiroptera 
Inaectivora 
Garoivora 
Proboecidea 
Hyraooidea 
Ungulata 
Sirenia 
Getaoea 
Rodentia 
Edentata 

DidelphU  . 

Omithodelphia 

AVBS 

Cariiiats» 

Ratitae  . 
Rbftiua 

Crocodilia 

Ophidia 

Chelonia    . 

Lacertilia 
Amphibia 

Anura 

Urodela 
Pisces 


Tgpieai  examples, 

Man,  ape. 

Bat. 

Hedgehog. 

Cat,  dog,  bear. 

Elephant. 

Hyrax. 

Horse,  sheep,  pig. 

Dogong. 

Whale. 

Rabbit,  rat. 

ArmadiUo. 

Kangaroa 

Duck-billed  platypua 

Fowl,  dock. 
Ostrich. 

Crocodile. 
Snake. 
Tortoise. 
Lizard. 

Frog. 
Newt. 
Lamprey,  shark,  cod. 


R  — INVERTEBRATA. 
MOLLuacA 

Odontophora Whelk,  snail. 

» «-!. «.!-a._  Mussel,  oyster. 


LameUibranchiata 

Brachiopoda 

Polyzoa 


Arthropoda 
Crustacea 
Arachnida 
Insecta 
Mjrriapoda 

ECHINODERMATA  . 
YSRMES 

Annelida  . 
Platyhelminthes   . 
Nemathelmlntbes 

OCELENTBRATA 

Actinozoa 
Hydrozoa 
Protozoa 


Terebratula. 
Sea  mat. 

Lobster. 

Scorpion,  spider. 
Bee.  fly. 
Centipede. 
Sea  stars. 

Earthwonn. 
Tapeworm,  fluke. 
Round-worm,  thread- 

Sea  anemone. 

Hydra. 

Amoeba,  Vorlioella. 
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Organic  Chemical  Substances. 

Nearly  all  of  the  most  important  substances  found  in  the  animal 
body  have  been  mentioned  and  described  in  the  preceding  pages.  It 
will  be  only  necessary  here  to  add  some  brief  notes. 

Certain  terms  have  been  used  without  explanation. 

Hydrocarbons. — Compounds  of  carbon  and  hydrogen.  Carbon 
b«ing  a  tetrad  element,  the  simplest  hydrocarbon  is  C'''ir4,  methane  or 
marsh  gas.  It  is  found  in  the  gases  of  the  alimentary  canal  (intestines) 
(p.  3G1).  It  is  the  first  of  the  series  known  as  paraffins.  The  different 
members  of  the  series  increase  by  CII„  so  that  the  next  paraffin  is  C,!!., 
ethane;  C,  II,,  propane,  and  so  on.     The  general  formula  being  C,H,,^,. 

Alcohols. — From  a  hydrocarbon,  by  substituting  Oil  (hydroxyl) 
for  II,  wo  obtain  the  corresponding  alcohol;  thus  from  CHsH  we  obtain 
CIIs  on,  methyl  alcohol;  from  C2II5II,  C2II5  Oil,  ethyl  alcohol;  from 
CsHtII,  C3 II7  Oil,  propyl  alcohol  and  the  like.  They  are  hydrates  of 
the  hydrocarbons. 

Ethers. — The  ethers  are  obtained  from  their  corresponding  alcohols 
by  dehydnition;  e.g.,  2{Qill^)  Oil  -  H2O  =  (CaU5)aO,  ethylic  ether. 

Aldehydes. — The  aldehydes  are  obtained  by  oxidation  of  alcohols 
thus:— C2H5  OH  +  0  =  CIIs  COH  +  Hjo,  ethyl  aldehyde. 

Acids. — The  acids  are  obtained  by  further  oxidation,  one  atom  of  0 
being  substituted  for  H2,  c.g.^,  CII3  CO  OH,  acetic  acid. 

The  series  of  acids  obtained  from  the  first  series  of  paraffins  is  known 
as  fatty  acids ;  those  which  are  most  familiar  as  fatty  acids  being 
CiIIhO^i,  hut}fri('  arid ;  CcHiaOa,  caproic  arid;  Ci6H3j02 /'<^/miViV,  and 
C18  H36  O2,  sivarir,  derived  from  C|  Hio  {butane),  Ce  llu  (liexam), 
CisHsi  {hrrdvrauv),  and  Cm  H^h,  respectiv(dy. 

Soaps  and  Fats. — The  fatty  acids  in  combination  with  soda  or 
potasli,  or  similar  bases,  form  ,sua}hs,  and  when  combined  with  glycerine 
form  fafs. 

Othrr  srrirs  of  hjfdrorarhouH. — The  first  series  of  paraffins  consists  of 
saturated  hydrocarbons;  many  otlier  series  exist,  however,  in  which  the 
C  is  unsaturated.  Tlieir  general  formula^  areas  follows:  CnH2n;  C„H2n.  2; 
CnHa„  »;  VnW'Zn  6,  aud  so  on. 

From  eacth  series  of  hydrocarbons,  the  corresponding  alcohols,  acids, 
aldehydes,  and  etliers  are  obtainable.  The  alcohols  derived  from  series 
of  f ////'// r,  ('2 H  J,  are  called  glycols.  But  in  glycols  there  are  two  OH 
united  to  the  radicle  instead  of  one — these  are  therefore  called  diatomic 
alcohols;  an  1  similarly  acids,  of  two  kinds,  may  be  obtjiined,by  the  sub- 
stitution of  one  or  of  two  atoms  of  0  for  the  corresponding  Hj  or  Hi. 
An  example  or  two  may  be  cited: — 

Ca  \lu  i'ihene  ;  Ca  H^  OH,  eihene  glycol ;  G%  II4  Oa,  glgcoUc  acid ; 
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C2  H2  O4,  oxalic  add  ;  and  Cs  He,  propene  ;  Cg  H«  OH2,  propem  glycol ; 
C5  Hs  Os,  lactic  acid  ;  Cg  H4  O4,  malonic  acid. 

The  next  series  of  hydrocarbons,  Cn  Hgn-a,  is  represented  by  C,  H„ 
acetylene  ;  the  next  CnH2n-4,  terebinthene,  Cio  Hi«;  the  next  CnHgn-*,  by 
benzene,  Ce  He. 

From  these  we  obtain  triatomic  alcohols,  e.g.  glycerin,  Os  Hg  OHs, 
tetratomic  alcohols,  e.^. ,  erythrite,  C4  He  OH4,  and  hexatomic  alcohols, 
e.g.,  maymite,  Ce  Hg  OHe;  from  the  last,  the  carbohydrates  are  derived. 

Of  the  hydrocarbons,  only  one  is,  as  we  have  said,  found  in  the  body, 
viz.,  methane;  of  the  alcohols,  cholesterine,  02e  Hig  OH,  a  monatomic, 
and  glycerine,  Cg  Hg  OHg,  a  triatomic  alcohol.  Phenol,  Ce  Hg  OH,  found 
in  combination  in  the  urine  and  faeces. 

Of  the  aldehydes  and  ketones  (analogous  products  to  aldehyde,  ob- 
tained from  isomeric  alcohols),  acetone^  or  propyl  ketone,  is  found  in 
blood  and  in  urine,  particularly  in  diabetes.  The  glucoses  are  aldehydes 
of  mannite,  and  the  other  carbohydrates  are  derived  from  that  class. 

Fatty  Acids.-— YormiQ,  acetic,  propionic,  butyric,  caproic  and  caprylic, 
are  all  more  or  less  represented  in  the  secretions  and  tissues  of  the  body. 
Palmitic  and  stearic  in  fats. 

Glycol  Acids. — Lactic  acid,  of  which  there  are  three  isomeric  bodies, 
and  luucic  acid  and  two  other  acids,  oxalic  and  succinic. 

Amido- Acids.— These  may  be  looked  upon  as  either  ammonia,  in 
which  one  or  more  atoms  of  H  are  replaced  by  the  acid  radicles;  or  as 
acids  in  which  one  or  more  of  the  H  atoms  of  the  acid  radicle  are  re- 
placed by  amidogen  NH2. 

Of  these  the  following  are  important : — 

Glycin,  C2  Hg  (NH2)  O2,  amido-acetic  acid. 

Leucine,  Ce  Hn  NH2  O2,  amido-caproic  acid. 

Tyrosine,  C9  Hn  NO3,  amido-oxyphenyl-propionic  acid. 

Sarcosine  =  methyl  glycin,  Cg  H?  NO2. 

Kreatine  =  sarcosine  +  cyanamide,  CN  NH2  =  C4  H9  Ng  O2. 

Kreatinine  =  kreatin — H2O  =  C4  H7  Ng  0. 

Taurine,  C2  H?  NSOg,  is  amido-isethionic  acid. 

Cystine,  Cg  H7  N5  Og,  amido-lactic  acid  in  which  one  H  is  replaced 
by  HS. 

Of  these  bodies  it  is  only  necessary  to  mention  the  following: — 

Olycin,  Glycocol,  Glycocin,  or   )  ^^  ^^  ^^^  ^/  ^Hj  ^nn  nu  )• 

Amido-acetic  acid.  )  \  \uu  uu/ 

This  substance  occurs  in  the  body  in  combination  as  in  the  biliary 

acids,  but  is  never  free.     Glycocholic  acid,  when  treated  with  weak  acids, 

with  alkalies,  or  with  baryta  water,  splits  up  into  cholic  acid  and  glycin, 

or  amido-acetic  acid.     Thus:    C2eH4gNOe+ H2O  =  C2e  H40  O5+.C2  H5 

NOa.    Glycocholic  acid  +  water  =  cholic  acid  +  glycin,  and  under  sim- 
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ilar  circumsianeee  Tatrrooholic  acid  splits  up  into  cholic  aoid  and  tanrin : 
Cae  H45  Og  NSO2  +  HaO  =  Cm  H40  O5  +  Ca  H7  NSO,,  or  araido-isethi- 
onic  Tiiurocholic  acid  +  water  =  cholic  acid  and  tanrin.  Glycin  oc- 
curs also  in  hippuric  acid.  It  can  be  prepared  from  gelatin  by  the  action 
of  acids  or  alkalies,  and  can  also  be  obtained  from  hippuric  acid. 

stituent  of  kreatin,  and  also  of  caffeine,  but  has  never  been  found 
free  in  the  human  body.  It  may  be  obtained  from  these  bodies  by 
boiling  with  baryta  water. 

^7apro?cAdd"'\  C.HuNO,  (=  OH..CH,OH,CH,.CH(NH,)CO OH 

occurs  normally  in  many  of  the  organs  of  the  body,  and  is  a  product 
of  the  pancreatic  digestion  of  proteids.  It  is  present  in  the  urine  in 
certain  diseases  of  the  liver  in  which  there  is  loss  of  substance,  espe- 
cially in  acute  yellow  atrophy.  It  occurs  in  circular  oily  discs  or  crys- 
tallizes iQ  plates,  and  can  be  prepared  either  by  boiling  horn  shavings, 
or  any  of  the  gelatins  with  sulphuric  acid,  or  out  of  the  products  of 
pancreatic  digestion^ 

Kreatin,  C4  H9  Na  Oa,  is  one  of  the  primary  products  of  muscular  dis- 
integration. It  is  always  found  in  the  juice  of  muscle.  It  is  generally 
decomposed  in  the  blood  into  urea  and  sarcosin,  and  seldom,  unless 
under  abnormal  circumstances,  appears  as  such  in  the  urine.  Treated 
with  either  sulphuric  or  hydrochloric  acid,  it  is  converted  into  kreatiuin; 
thus — 

C4  H9  Na  Oa  =  C4  Ht  Ns  0  +  Ha  0. 

It  has  been  made  synthetically  by  bringing  together  cyanimide  and 
sarcosine. 

Kreatinin,  O4  H?  N3  O,  is  present  in  human  urine,  derived  from  oxi- 
dation of  kreatin.     It  does  not  appear  to  be  present  in  muscle. 

Taurin  or  Amido-  )  n   tj    xror^    (        n  it     /SO    II\  •  ... 

.    ,,  .     .     ,   .,    yCa  H7  NSOs  I    =  Call4  (  vrxj       )  is  a  constit- 
tsethiomc  Acid,  )  ^  \JSiJtla     / 

uent  of  the  bile  acid,  taurocholic  acid,  and  is  found  also  in  traces  in  the 

muscles  and  lungs.     It  has  been  prepared  synthetically  from  isethionic 

acid.     It  is  a  crystalline  substance,  very  stable. 

Benzoyl  Amido-Acids, 

"%Zlllgi^n^  I  C.  H,  NO,  =  (C.  H,  CONH  CH,  CO  OH),  a  nor- 
mal  constituent  of  human  urine,  the  quantity  excreted  being  increased 
by  a  vegetable  diet,  and  therefore  it  is  present  in  greater  amount  in  the 
urine  of  herbivora.  It  may  be  decomposed  by  acids  into  glycin  and 
benzoic  acid.  It  crystallizes  in  semi-tmnsparent  rhombic  prisms,  almost 
insoluble  in  cold  water,  soluble  in  boiling  water. 
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Ty rosin,  C9  Hu  NOs,  is  found  generally  together  with  leucin,  in  cer- 
tain glands,  e.g.,  pancreas  and  spleen;  and  chiefly  in  the  products  of 
pancreatic  digestion  or  of  the  putrefaction  of  proteids.  It  is  found  in 
the  urine  in  some  diseases  of  the  liver,  especially  acute  yellow  atrophy. 
It  crystallizes  in  fine  needles,  which  collect  into  feathery  masses.  It 
gives  the  proteid  test  with  Millon's  reagent,  and  heated  with  strong  sul- 
phuric acid,  on  the  addition  of  ferric  chloride  gives  a  violet  color. 

Lecithin,  C43  H84  PN  O9,  is  a  complex  nitrogenous  fatty  body,  con- 
taining phosphorus,  which  has  been  found  mixed  with  cerebrin  and  oleo- 
phosphoric  acid  in  the  brain.  It  is  also  found  in  blood,  bile  and  serous 
fluids,  and  in  larger  quantities  in  nerves,  pus,  yolk  of  egg,  semen,  and 
white  blood-corpuscles.  On  boiling  with  acids  it  yields  cholin,  glycero- 
phosphoric  acid,  palmic  and  oleic  acids. 

Cerebrin,  Cn  Hsa  NO3,  is  found  in  nerves,  pus  corpuscles,  and  in  the 
brain.  Its  chemical  constitution  is  not  known.  It  is  a  light  amorphous 
powder,  tasteless  and  odorless.  Swells  up  like  starch  when  boiled  with 
water,  and  is  converted  by  acids  into  a  saccharine  substance  and  other 
bodies.     The  so-called  Protagon  is  a  mixture  of  lecithin  and  cerebrin. 

Uric  Acid,  C5  H4  N4  O3,  occurs  in  the  urine,  sparingly  in  human 
urine,  abundantly  in  that  of  birds  and  reptiles,  where  it  represents  the 
chief  nitrogenous  decomposition  product.  It  occurs  also  in  the  blood, 
spleen,  liver,  and  sometimes  is  the  only  constituent  of  urinary  calculi. 
It  is  probably  converted  in  the  blood  into  urea  and  carbonic  acid.  It 
generally  occurs  in  urine  in  combination  with  bases,  forming  urates,  and 
never  free  unless  under  abnormal  conditions.  A  deposit  of  urates  may 
occur  when  the  urine  is  concentrated  or  extremely  acid,  or  when,  as 
during  febrile  disorders,  the  conversion  of  uric  acid  into  urea  is  incom- 
pletely performed. 

Composition. — Very  uncertain ;  has  been  however  recently  produced 
artificially,  but  it  is  not  easily  decomposed;  it  may  be  regarded  as  diu- 
reide  of  tai'tronic  acid.     The  chief  product  of  its  decomposition  is  urea. 

Xa7ithin,  C5  H4  N4  O2,  has  been  obtained  from  the  liver,  spleen, 
thymus,  muscle,  and  the  blood.  It  is  found  in  normal  urine,  and  is  a 
constituent  of  certain  rare  urinary  calculi. 

Hypoxanthin,  C5  H4  N4  0,  or  sarkin^  is  found  in  juice  of  flesh,  in 
the  spleen,  thymus,  and  thyroid. 

Guanin,  C5  H5  N5  0,  has  been  found  in  the  human  liver,  spleen,  and 
fasces,  but  does  not  occur  as  a  constant  product. 

Allanfoin,  C4  He  N4  O3,  found  in  the  allantoic  fluid  of  the  foetus,  and 
in  the  urine  of  animals  for  a  short  period  after  their  birth.  It  is  one  of 
the  oxidation  products  of  uric  acid,  which  on  oxidation  gives  urea. 

In  addition  to  the  above  compounds  and  probably  related  to  them, 
are  certain  coloring  and  excrementitious  matters,  which  are  also  most 
likely  distinct  decomposition  compounds. 
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Pigments,  Etc. 

Bilirubin,  C9 II9  NO2,  is  the  best  known  of  the  bile  pigments.  It  is 
best  made  by  extmcting  inspissated  bile  or  gall  stones  with  water  (which 
dissolves  the  salts^  etc.)^  then  with  alcohol,  which  takes  out  cholesteriu, 
fatty  and  biliary  acids.  Hydrochloric  acid  is  then  added,  which  decom- 
poses the  lime  salt  of  bilirubin  and  removes  the  lime.  After  extracting 
with  alcohol  and  ether,  the  residue  is  dried  and  finally  extracted  with 
chloroform.  It  crystallizes  of  a  bluish-red  color.  It  is  allied  in  com- 
position to  haematin,  as  has  been  described. 

BiUverdin,  G%  H9  NO2,  is  made  by  passing  a  current  of  air  through 
an  alkaline  solution  of  bilirubin,  and  by  preciptation  with  hydrochloric 
acid.     It  \%  a  green  pigment. 

BiliftiHcin,  C9  IIn  NO3,  is  made  by  treating  gall  stones  with  ether, 
then  with  dilute  acid,  and  extracting  with  absolute  alcohol.  It  is  a 
non-crystallizable  brown  pigment. 

Biliprasin  is  a  pigment  of  a  green  color,  which  can  be  obtained  from 
gall  stones,  and  from  bile  which  has  been  allowed  to  decompose. 

Bilihumin  (Staedeler)  is  a  dark  brown  eartliy-looking  substance,  of 
which  the  formula  is  unknown. 

Uroclirome  and  UroUlin  occur  in  bile  and  in  urine;  the  latter  is 
probably  identical  with  stercobilin,  which  is  fonnd  in  the  fieces.  Tro- 
erythrin  is  one  of  the  coloring  matters  of  the  urine.  It  is  orange  red 
and  contains  iron,  as  is  also  Choleteliu, 

McJanitt  is  a  dark  brown  or  black  material  containing  iron,  occurring 
in  the  lungs,  bronchial  glands,  the  skin,  hair,  and  choroid. 

Ihpmalin  has  been  fully  treated  of,  p.  140  et  seq. 

Indiran  is  supposed  to  exist  in  the  sweat  and  urine.  It  has  not. 
however,  been  satisfartorily  isolated. 

/n(iif/(f,  C's  Hr,  Ny  (),  is  formed  from  indican,  and  gives  rise  to  the 
bluish  color  which  is  occasionally  met  with  in  the  sweat  and  urine. 

Ituhd,  Cs  Wi  N,  is  found  in  the  faeces,  and  is  formed  either  by  de- 
composition of  indigo,  or  of  the  proteid  food  materials.  It  is  supposed 
to  give  the  characteristic  disiigreeable  smell  to  fieces. 

Xifrof/rnnus  bodies  of  Uncerfain  Xature, 

Ff'rniPNfs  are  bodies  which  possess  the  property  of  exciting  chemical 
changes  in  matter  with  which  they  come  in  contact.  Tiiey  are  at  pres- 
ent (lividiMl  into  two  classes,  called  (1)  organized,  and  (2)  unorganizetl 
or  soluhh*. 

(1.)  Of  the  (nujdnizrd,  yeast  may  be  taken  as  an  example.  Its  a(*tiv- 
ity  drpcnds  upon  the  vitality  of  the  yeast  cell,  and  disappciirs  as  soon  as 
the  (I'll  dies,  noitlu*r  can  any  substance  be  obtained  from  the  yeast  by 
means  of  precipitation  with  alcohol  or  in  any  other  way  which  has  the 
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power  of  exciting  the  ordinary  change  produced  by  the  plant  itself. 
The  action  of  micro-organisms  in  the  alimentary  canal  and  elsewhere  is 
also  an  example  of  the  same  nature. 

(2.)  Unorganized  or  soluble  ferments  are  those  which  are  found  in 
secretions  of  glands^  or  are  produced  by  chemical  changes  in  animal  or 
vegetable  cells  in  general;  when  isolated  they  are  colorless^  tasteless^ 
amorphous  solids  soluble  in  water  and  glycerin,  and  precipitated  from 
the  aqueous  solutions  by  alcohol  and  acetate  of  lead.  Chemically  many 
of  these  are  said  to  contain  nitrogen. 

Mode  of  action, — Without  going  into  the  theories  of  how  these  un- 
organized ferments  act,  it  will  suffice  to  mention  that: 

(1.)  Their  activity  beyond  a  certain  point  does  not  depend  upon  the 
actual  amount  of  the  ferment  present.  (2.)  That  the  activity  is  de- 
stroyed by  high  temperature,  and  various  concentrated  chemical  re- 
agents, but  increased  by  modemte  heat,  about  40°  C,  and  by  weak  solu- 
tions of  either  an  acid  or  alkaline  fluid.  (3.)  The  ferments  themselves 
appear  to  undergo  no  change  in  their  own  composition,  and  waste  very 
slightly  during  the  process. 

The  chief  classes  of  unorganized  ferments  are: — 

(1.)  Amylolyticy  which  possess  the  property  of  converting  starch 
into  glucose.  They  add  a  molecule  of  water,  and  may  be  called  hydro- 
lytic.  The  principal  amylolytic  ferments  are  Ptyalin,  found  in  the 
saliva,  and  a  ferment,  probably  distinct,  in  the  pancreatic  juice,  called 
Amylopsin,  These  both  act  in  an  alkaline  medium.  Amylolytic  fer- 
ments have  been  found  in  the  blood  and  elsewhere. 

(2.)  Proteolytic  convert  proteids  into  peptones.  The  nature  of  their 
action  is  probably  hydrolytic.  The  proteolytic  ferments  of  the  body 
are  called  Pepsin,  acting  in  an  acid  medium  from  the  gastric  juice. 
Trypsin,  acting  in  an  alkaline  medium  from  the  pancreatic  juice.  The 
Succus  entericus  is  said  to  contain  a  third  such  ferment. 

(3.)  Inversive,  which  convert  cane  sugar  or  saccharose  into  grape 
sugar  or  glucose.  Such  a  ferment  was  found  by  Claude  Bernard  in  the 
Succus  entericus;  and  probably  exists  also  in  the  stomach  mucus. 

(4.)  Ferments  tvhich  act  upon  fats. — Such  a  body,  called  Steapsin, 
has  been  found  in  pancreatic  juice. 

(5.)  Milk-curdling  ferme7its. — It  has  been  long  known  that  rennet, 
a  decoction  of  the  fourth  stomach  of  a  calf,  in  brine,  possessed  the 
power  of  curdling  milk.  This  power  docs  not  depend  upon  the  acidity 
of  the  gastric  juice,  since  the  curdling  will  take  place  in  a  neutral  or 
alkaline  medium;  neither  does  it  depend  upon  ihQ pepsin,  as  pure  pep- 
sin scarcely  curdles  milk  at  all,  and  the  rennet  which  rapidly  cnrdles 
milk  has  a  very  feeble  proteolytic  action.  From  this  and  other  evidence 
it  is  believed  that  a  distinct  milk-curdling  ferment  exists  in  the  stom- 
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ach.  W.  Roberta  has  shown  that  a  similar  but  distinct  fcrraont  e: 
in  pancreatic  extract,  wliich  acts  beet  in  an  alkaline  mediuni,  next  beil 
in  ao  acid  medium,  and  worst  in  a  nentral  mcdinm.  The  ferment  d 
rennet  acts  beet  in  an  acid  medinm,  and  worst  in  an  alkaline,  the  reaction 
ceasing  if  the  alkalinity  be  more  than  slight  Also  in  the  Saccus  enterictts. 

In  addition  to  the  above  ferments,  many  others  most  likely  exist  in 
the  body,  of  which  the  following  are  the  most  important: 

(6.)  Fihrin-forming  ftrment  (Schmidt),  (see  p,  125  ei  seq.),  found  in 
the  blood,  lymph  and  chyle, 

(7*)  A  fertneni  which  converts  glycogen  into  glueose  in  the  lirer; 
being  therefore  an  amylolytic  ferment 

(8,)  Myosin  ferment. 


Carbo-hydrates  or  Amyloids. 


The  divkioBB  of  carbo-hydrates,  and  the  chief  substances  forming 
each  class  with  their  properties,  have  been  already  given  (p.  111  ei  jr^). 
The  following  additional  information  may  be  useful 

The  glucoses  may  be  considered  as  the  aldehydes  of  mannito^  thus : 

CH,  on        )  CHu  OH         ) 

(CU  Oil)*     \  C,  Hu  0.,  (GU  OH)i      \  C*  Hi,  0. 

CH2  OH        )  CO  H  ) 

mannite,  gincose. 

The  Saccharoses  or  sucroses  are  made  up  of  two  rolnmes  of  glitooM 
minus  one  niolecnle  of  waten 

C«  Un  0,  +  C,  Hu  0,  ^  H2  0  =  Cu  H«  On. 
The  amyloids   are  anhydrides   of  the  glucoses,   C«  Hia  Og  —  Ht  0  = 
CaiiaOs. 

Tests  for  Glucose,— (L)  Trommer*s. — This  test  depends  upon  Ihe 
power  sugar  possesses  of  reducing  copper  salts  to  their  sub-oside.  It  is 
done  in  the  following  way:— An  excess  of  caustic  potash  and  then  a 
solution  of  copper  sulphate,  drop  by  drop,  are  added  to  the  solution 
containing  the  sugar  in  a  test-tube,  as  long  as  the  blue  precipitate  which 
forms  redissolveson  shaking  the  tube.  The  upper  portion  of  the  flaid  is 
then  heated,  and  a  yellowish- brown  precipitate  of  copper  suboxide  ap- 
pears. The  test  may  also  be  done  by  taking  only  a  drop  or  two  of  the 
copper  sulphate  solution* 

(it)  Moore's, — If  a  solution  of  sugar  in  a  te«^tube  is  boiled  with 
caustic  potash,  a  brown  coloration  appears. 

(iii*)  Fennmtation,—lf  a  solution  of  sugar  bo  kept  in  the  waim  pUie 
for  a  time  after  the  addition  of  yeast,  the  sugar  is  converted  into  aloofad 
and  cjirbon  dioitide.     (C»n,tOa  =  2(\USVl  +  2G0i,) 

(iv.)  Hotteher^s  t*'itf, — A  little  bismuth  oxide  or  subnitrmte  and  an 
ezoGSS  of  caustic  potash  arc  added  to  the  solution  in  a  test- tube,  and  tbe 
mixture  is  heated ;  the  solution  becomes  at  first  gray  and  then  black. 
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(v.)  Picric  acid  tesL — To  the  solution  about  a  fourth  of  its  bulk  of 
picric  acid  (saturated  solution)  and  an  equal  quantity  of  caustic  potash 
are  added,  and  the  solution  is  boiled;  the  liquid  becomes  of  a  very  deep 
coffee-brown. 

(vi.)  Indigo-carmine  test — Add  a  solution  of  indigo  carmine  to  color 
sugar  solution  distinctly  blue,  and  add  solution  of  sodium  carbonate,  and 
heat.  The  blue  color  changes  to  purple  and  then  to  brown  and  yellow, 
but  is  restored  on  shaking  the  solution. 

(vii.)  Phe7iyl  hydrazine  test. — A  solution  of  phenyl  hydrazine  hy- 
drochloride and  sodium  acetate  is  added.  Keep  in  water-bath  at  boiling 
for  some  minutes,  then  cool.    Yellow  crystals  result. 

Quayititaiive  Estimaiion  of  Grape  Sugar, 

1.  Fehling's  Method. — Solution  required  =  copper  sulphate  and  caus- 
tic soda,  with  some  sodic  potassic  tartrate  of  such  a  strength  that  10  c.c. 
of  solution  contain  the  amount  of  cupric  oxide  which  0.5  grm.  of  sugar 
can  reduce  to  cuprous  oxide.  (This  solution  should  be  freshly  pre- 
pared.) It  is  made  as  follows:  Take  of  sulphate  of  copper,  iOgrms.; 
neutral  tartrate  of  potash,  160  grms.;  caustic  soda  (sp.  gr.  1.12),  750 
grms. ;  add  distilled  water  to  1154.5  c.c  Each  10  c.c.  contains  .05  grm. 
of  sugar. 

Method. — Take  10  c.c.  of  the  saccharine  solution  free  from  albumen, 
and  add  90  ac.  of  distilled  water.  Place  this  in  a  burette.  Put  into  a 
flask  or  dish  10  cc.  of  the  standard  solution,  and  dilute  with  four  times 
its  bulk  of  water  and  boil.  Bun  into  it,  from  burette,  some  of  the 
diluted  urine,  say  20  cc,  and  boiL  Allow  precipitate  to  settle,  and  if 
supernatant  fluid  is  still  blue,  add,  say,  5  cc.  from  burette,  and  boil 
again,  and  so  on,  till  the  fluid  ceases  to  have  a  blue  tinge,  taking  care, 
toward  the  end  of^the  process,  to  add  only  a  few  drops  each  time.  If, 
after  adding  20  cc.  of  diluted  urine  and  boiling,  the  fluid  has  been 
decolorized,  too  much  of  the  solution  has  been  added,  and  another  esti- 
mation with  a  second  10  cc.  of  standard  solution  must  be  made,  but 
less  than  20  cc.  of  the  saccharine  solution  should  be  added  (say  10  cc) 
in  first  instance. 

When  the  number  of  cc  of  diluted  urine  required  to  decolorize  the 
solution  has  been  determined,  that  volume  contains  the  amount  of  sugar 
necessary  to  reduce  10  cc  of  standard  solution,  i.e.,  .05  grm.  But  one- 
tenth  only  of  this  is  the  saccharine  solution,  .*.  one-tenth  of  number  of 
cc  used  contains  .05  grm.  of  sugar.  From  this,  the  percentage  can  be 
easily  calculated. 

2.  Pavtfs  Modification  of  Fehling's  Method.— By  Fehling's  method  it 
is  difficult  and  tedious  to  judge  of  the  point  of  complete  reduction  of 
the  cupric  oxide.  Dr.  Pavy,  accordingly,  uses  a  strongly  ammoniacal 
solution  of  the  aboye.    A  certain  amount  is  introduced  into  a  small 
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flask^  which  is  then  heated  till  the  vapor  of  ammonia  escapes  by  a  nar- 
row tube.  The  sugar  solution  is  then  allowed  to  flow  from  a  burette 
into  the  flask  until  the  blueness  has  disappeared^  the  solution  being 
kept  boiling  all  the  time.  The  blueness  is  apt  to  disappear  suddenly, 
and  care  should  therefore  be  taken  toward  the  end  of  the  process. 
Calculate  as  in  Fehling's  method. 

3.  Estimation  of  sugar  hy  fermentation. — In  the  case  of  saccharine 
urine,  it  is  allowable  as  a  single  test  to  use  the  following  method: — Take 
specific  gravity  of  urine  before  and  after  fermentation.  Each  degree 
of  specific  gravity  lost  by  the  urine  represents  one  grain  of  sugar  per 
ounce  of  urine. 

4.  Sugar  may  also  be  estimated  by  adding  yeast  to  urine,  and  col- 
lecting the  carbon  dioxide  evolved.  The  carbon  dioxide  is  a  measure 
of  the  amount  of  sugar  present. 

5.  The  estimation  may  also  be  done  by  the  saccharimeter,  an  instru- 
ment for  the  estimation  of  the  degree  of  polarization  which  a  ray  of 
light  undergoes  in  passing  through  a  solution  of  sugar,  either  to  the  left 
or  to  the  right. 

Urea,  CO  (Nll2)2.  The  properties  and  relations  of  urea  have  been 
treated  of  at  some  length  in  the  chapter  upon  excretion.  There  re- 
mains to  be  described  the  method  of  its  quantitative  estimation  in  the 
urine.     There  are  two  chief  methods,  viz. : — 

(i.)  Hypobromite  Method. — One  of  the  forms  of  apparatus  employed 
in  this  method  (Russell  and  West's)  consists  of  {a)  a  water-bath  8U|>- 
ported  by  three  iron  bands,  arranged  as  a  triiJod.  The  bath  is  provided 
with  a  cylindrical  depression,  and  with  a  hole,  into  which  fits  a  perfo- 
rated india-rubber  cork;  (/>)  a  bulb  tube  with  a  constricted  neck;  (r)  a 
glass  rod  ]>r()vi(l('(l  with  an  india-rubber  band  at  one  extremity;  (d)  a 
])i])etti*  of  five  cubic  centimetres  capacity;  (o)  a  graduated  glass  collect- 
ing tuhe;  ( /')  a  spirit  lamp;  (//)  a  wasli-bottle  with  distilled  water;  [h) 
hy])obronious  solution.  The  hypobromous  solution  is  nuule  in  the  fol- 
lowing way:  three  and  a  half  ounces  (100  grni.)  of  solid  caustic  soila  is 
dissolved  in  nine  ounces  ("^oO  grni.)  of  distilled  water.  When  the  solu- 
tion is  cold,  seven  drachms  ('Zh  c.c.)  of  pure  bromine  are  to  be  added 
carefully  and  gradually.  The  mixture  is  not  to  be  filtered;  it  keeps 
badly,  and  for  this  reason  it  should  be  made  shortly  before  it  is  required; 
or  the  solution  of  caustic  soda  in  water  may  be  made  in  large  quantities 
as  it  does  not  undergo  any  change,  the  bromine  in  the  pro])er  pro|K»r- 
tion  heing  added  at  the  time  it  is  required  for  use. 

Mrtli(nL—V\\\  the  j)ij)ette  to  the  mark  on  the  stem  with  the  urine  to 
be  examined  ;  ]>our  the  5  c.c.  of  urine  thus  measured  out  into  the  bulb; 
fill  u])  tlie  hulh  tuhe  as  far  as  the  constricted  neck  with  distilled  water 
from  the  wash-hottle;  insert  the  glass  rod  (r)  in  such  a  way  that  the 
india-ru})})er  hand  at   the  extremity  fills  up  the  constricted  neck;  the 
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diluted  urine  should  exactly  occupy  the  bulb  and  neck  of  the  tube,  no 
bubble  of  air  being  below  the  elastic  band  on  the  one  hand,  while  on 
the  other  the  fluid  should  not  rise  above  the  band ;  in  the  former  case 
a  little  more  water  should  be  added,  in  the  latter  a  fresh  portion  of 
urine  must  be  used,  and  the  experiment  repeated.  After  adjusting  the 
glass  rod,  fill  up  the  rest  of  the  bulb  tube  with  hypobromous  solution; 
it  will  not  mix  with  the  urine  so  long  as  the  rod  is  in  place.  The 
water-bath  having  been  previously  erected,  and  the  india-rubber  cork 
fixed  firmly  into  the  aperture,  the  bulb  tube  is  to  be  thrust  from  below 
through  the  perfonition  in  the  cork.  The  greater  part  of  the  tube  is 
then  beneath  the  water-bath,  the  upper  extremity  alone  being  grasped 
by  the  cork.  Fill  the  water-bath  half  full  of  water,  fill  also  the  grad- 
uated glass  tube  (e)  with  water,  and  invert  it  in  the  bath;  in  doing 
this  no  air  must  enter  the  tube,  which  when  inverted  should  be  com- 
pletely filled  with  water.  Now  slide  the  graduated  tube  toward  the 
orifice  of  the  bulb  tube,  at  the  same  time  withdrawing  the  glass  rod 
which  projects  into  the  bath  through  the  cork.  At  the  instant  that  the 
rod  is  withdrawn  the  hypobromous  solution  mixes  with  the  diluted 
urine,  and  a  decomposition  takes  place  represented  thus :  CON2H4  + 
3NaBrO  +  2NaH0  =  3  NaBr  +  3H2O  +  NaaCOs  +  Nj.  Urea  +  sodium 
hypobromite  -j-  caustic  soda  =  sodium  bromide  +  water  +  sodium  carbon- 
ate +  nitrogen.  The  nitrogen  produced  is  given  off  as  gas,  and  dis- 
places the  water  in  the  graduated  tube,  which  is  held  over  it.  The  gas 
is  at  first  evolved  briskly,  but  afterward  more  slowly;  to  facilitate  its 
evolution,  the  bulb  of  the  tube  may  be  slightly  warmed  with  a  spirit 
lamp;  as  a  rule,  however,  this  is  unnecessary.  After  ten  minutes,  the 
amount  of  water  displaced  by  the  gas  should  be  read  off  on  the  tube, 
which  is  divided  into  tenths.  Each  number  on  the  tube  represents  one 
gram  of  urea  in  100  c.c.  of  urine.  Normal  urine  should  yield  roughly 
1.5-2.5  parts  of  nitrogen  by  this  test.  If  5  c.c.  of  urine  gives  off  more 
nitrogen  than  fills  the  tube  to  iii.,  dilute  the  urine  with  an  equal  volume 
of  water,  and  take  5  c.c;  read  off  and  multiply  by  two.* 

Several  apparatus  may  be  employed  instead  of  the  one  described,  viz., 
those  of  Dupre,  Gerard,  and  Squibb.  The  chemical  reactions  in  each 
case  are  the  same. 

(ii.)  Liebig's  Method. — This  method  is  of  greater  accuracy.  The 
solutions  required  are  (a)  baryta  mixture  =  2  vols,  of  saturated  solution 
of  barium  nitrate  and  1  vol.  of  saturated  solution  of  barium  hydrate; 
(b)  standard  solution  of  mercuric  nitrate,  such  that  1  c.c.  will  precipitate 
.01  grm.  of  urea,  and  (c)  a  solution  of  carbonate  of  soda. 

Method. — Take  40  c.c.  of  urine,  add  20  c.c.  of  (a),  filter  off  the  pre- 
cipitate of  si^lphates  and  phosphates;  keep  the  filtrate.     Fill  a  burette 

*  Several  correctioDS  have  to  be  made  before  the  result  can  be  considered  as 
accurate ;  for  these  the  detailed  accounts  in  practical  liandbooks  of  Physiology 
should  be  consulted. 
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with  (b),  and  tako  15  cc.  of  the  filtrate  in  a  dish.  Let  (b)  fall  drop  by 
drop  into  the  15c.c.  in  the  di^h,  stirring  constantly.  Have  ready  a  glass 
plate  with  several  separate  drops  of  (c),  and  from  time  to  time  add  a 
drop  of  the  urine  mixture  by  means  of  a  glass  rod  to  one  of  tlic  drops. 
When  a  yellow  color  first  appears  in  a  drop  of  the  NaCOt,  the  merearic 
nitrate  is  just  in  excess.     Bead  the  burette.     Calculate  as  follows: 

1  c.c.  of  mercuric  solution  precipitates  .01  grm  of  urea,.*,  the  No.  of 
C.C.  used  X  .01  =  amount  of  urea  in  15  c.c.  of  filtrate,  *.«,,  in  10  c.c.  of 
urine.  But  10  c.c.  of  urine  usually  contains  enough  NaCl  to  act  on  *Z  c.c. 
of  mercury  solution.*  Hence,  wJien  reckoning  the  number  of  cc  of 
standing  mercury  solution  usedy  a  deduction  of  2  c.c.  must  alwaffs  be 
inade. 

Quantitative  Estimation  of  Chlorides. 

Liebig's  Method. — The  solutions  required  are  a  baryta  mixture  as 
above^  and  (b)  standard  solution  of  mercuric  nitrate,  such  that  1  c.c. 
would  bo  capable  of  decomposing  .01  grm.  of  sodium  chloride. 

J/e///o<i.— Take  40  c.c.  of  urine  free  from  albumen,  and  add  20  cc.  of 
(a).  Filter.  Take  15  cc.  of  filtrate  and  place  in  a  flask  or  dish,  adding 
a  drop  or  two  of  nitric  acid.  Fill  a  burette  with  (ft),  and  slowly  run 
some  of  this  solution  into  the  filtrate  in  the  dish,  stirring  constantly. 
As  soon  as  a  distinct  cloud  appears  in  the  diluted  urine,  and  does  not 
disappear  on  stirring,  then  all  the  sodium  chloride  in  urine  has  been 
decomposed.       Read  burette.     Calculate  as  follows: 

1  cc.  of  mercury  solution  decomposed  .01  grm.  of  NaCl,  .-.  the 
number  of  c.c  used  X  .01  grm.  =  number  of  grms.  of  NaCl  in  15  c.c.  of 
filtrate,  i.e.,  10  c.c.  of  urine 

Quantitative  Estimation  of  Phosphates. 

The  ^solutions  required  are  {a)  solution  of  sodium  aretafe,  contaitiing 
100  grm.  of  sodium  acetate,  100  cc.  of  acetic  acid,  and  900  c.c.  of  distilled 
water;  (/j)  a  solution  of  uranium  acetate  or  nitrate,  such  that  1  c.c.  will 
precipitate  .005  grm.  of  phosphoric  acid;  and  (c)  a  solution  of  ferro- 
cya  n  ide  of  potass i  u  ni . 

McthiKi. — Take  50  c.c.  of  urine.  Add  some  (a)  solution,  and  heat  on 
witor-hath  to  nearly  100°  C.  Fill  burette  with  (/>),  and  allow  this  to 
fall  into  the  urine  slowly.  Have  ready  a  glass  plate  with  several  distinct 
drops  of  potjkssium  ferro-cyanide  solution.  From  time  to  time  add  a 
drop  of  urint!  mixture  to  one  of  the  drops;  and  when  there  first  ap- 
j)ears  a  nMldish-brown  color  in  a  drop  of  potassium  ferro-cyanide,  all  the 
p}io8j)hates  lire  j)rocipitatod.     lioa<l  burette.     C'aloulate  thus: 

1  c.c.  precipitates  .005  grm.  of  phos])hori(!  acid,  .*.  the  number  of  cc, 
u«?e(l  X  .005  frnn.  =  num))er  of  grms.  of  phosphoric  acid'  in  50  r.r.  if 
urine. 

•  Th\tt  \s  ow\y  «L  rouv^h  estimate. 
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Abdominal  muscles,  action  of,  in  respira- 
tion, 258 
Aberration,  chromatic,  705 

spherical,  704 
Absorbents.     See  Lymphatics. 
Absorption,  869 

by  blood-vessels,  325 

by  lacteal  vessels,  888 

by  lymphatics,  884 

by  the  skin,  885 

channels  of,  883 

conditions  for,  370 

methods,  369 

process  of  osmosis,  369 

rapidity  of,  371 

See    Chyle,    Lymph,    Lymphatics, 
Lacteals. 
Accelerator  centre,  576 
Accidental  elements  in  human  body,  122 
Accommodation  of  eye,  681,  697 

defects  of,  703 
Achroo-dextrin,  308 
Acid-albumin,  113 
Acids,  810 

in  gastric  juice,  822 
Acini  of  secreting  glands,  464 
Actinic  rays,  712 
Adenoid  tissue,  44 
Adipose  tissue,  46.     See  Fat. 

development,  47 

situations  of,  46 

structure  of,  47 

use,  49 
Adrenals.  490 
After-birth.  771 
Air,  atmospheric,  composition  of,  265 

breathing,  262 

changes  by  breathing,  265 

complemental,  262 

in  tympanum,  or  hearing,  670  et  seg, 
53 


Air,  quantity  breathed,  262 

reserve,  262 

residual,  262 

tidal,  262 

transmission  of  sonorous  vibrations 
through,  669 

undulations  of.  conducted    by  ex- 
ternal ear,  668 
Air-cells,  258 
Air-tubes.     See  Bronchi. 
Albumin,  111 

acid,  113 

action  of  gastric  fluid  on,  828  et  teq, 

alkali,  118 

characters  of,  113 

chemical  composition  of,  109 

derived,  112 

egg.  112 

native,  112 

of  blood.  145 

serum,  112 
Albuminoids,  115 
Albuminous  substances,  109 

action  of  gastric  fluid  on,  828 
of  pancreas  on,  843 
Albumoses,  324 
Alkali-albumin.  118 
Allantoin,  406 
Allantois,  765 
Alloxan,  404 
Aluminium,  122 

Ammonia,    cyanate   of,    isomeric  with 
urea,  401 

exhaled  from  lungs,  268 

urate  of,  408 
Ammonium  sulphate  reaction,  HI 
Amnion.  764 

fluid  of,  765 
Amoeba,  4 
Amoeboid  movements,  4,  189 
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Amoeboid  movements,  oells,  4 

colorless  corpuscles,  140 

correa-ccUs,  680 

power  of  spontaneous,  4 

protoplasm,  5 

Tradcscantia,  5 
Amphioxus.  774 
Ampulla.  664 
Amyloid  substance.  115 
Amyloids  or  starches.  1 17 

action    of   pancreas   and   intestinal 
glands,  344 

of  saliva  on,  SOS 
Amylopsin,  S44,  860 
Amy  loses,  117 
Anabolic  nerves.  618 
Anelectrotonus,  455 
Angle,  optical,  606 
Angulus  opticus  seu  visorius,  696 
Animal  heat.     See  Heat  and  Tempera 

ture. 
Animals,  distinctive  characters,  15 

V.  plants,  15 
Antialbumose,  324 
Antihelix,  646 
An ti  peptone,  325 
Aphasia,  613 
Apnn'a,  280 

Appendices  epiploicae,  388 
Appendix  verniifomiis,  338 
Acjuicductus  cochlea*,  664 

vestibuli,  664 
Aqueous  humor,  692 
Arachnoid,  543 

Arborizations,  intcrepithelial,  101 
Arches,  visceral,  776 
Area  germ  i  nut iva,  755 

opaca,  755 

pellueida,  755 

vasculosH,  763 
Areolar  tissue,  43 
Ars<'nic.  1*22 
Arterinl  trnsion,  198 
Arteries.  175 

circulation  in,  205 
vrlocity  of,  219 

distinctions  in  hir^e  and  small,  173 

Histriliution.  173 

eiTcct  of  co]«l  on,  207 
of  division,  207 


Arteries,  elasticity,  205 
purposes  of,  205 
muscular  contraction  of,  289 
muscularity,  206 

governed    by  nervous   system, 

289 
purposes  of,  289 
nerves  of,  175 

nervous  system,  influence  of,  289 
office  of,  289 
pressure  of  blood  in,  197 
pulse.  196.    See  Pulse, 
rhythmic   contraction,    199,  207   et 

9eq, 
structure,  178  e£  teq. 
systemic,  165 
tone  of,  289 

velocity  of  blood  in.  219 
Articulate  sounds,  classiflcation  of  into 

vowels  and  consonants.  588 
Arytenoid  cartilages.  522 

effect  of  approximation,  523 
movements  of,  528 
Asphyxia,  286 

causes  of  death  in,  288 
experiments  on,  289 
symptoms,  286 
Astigmatism,  704 
Atmospheric  air,  280.     See  Air. 

pressure  in   relation  to  respiration, 
290 
Auditory  canal,  668  et  uq. 
function,  668 
centre.  625 
nerve,  665.  668 

distribution,  665 
Auerbach's  plexus,  333 
Auricles  of  heart.     See  Heart. 
Automatic  action,  445 
cerebrum.  617  et  seq. 
medulla  oblongata,  579  ei  9eq. 
respiratory,  278 
Axis-cylinder  of  nerve-fibre.  92 

Bactkrium  lactis,  473 
Rarytone  voice.  530 
Basement-membrane,  460 
Bass  voice,  530 
Battery.  Daniell's,  484 
Benzoic  acid,  120 
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Bicuspid  yalve,  188 
Riiidcr*8  ganglia,  228 
Bile.  Seo 

antiseptic  power,  890 

coloring  matter,  852 

composition  of,  351 

digestive  properties,  354 

excrementitious,  855 

fat  made  capable  of  absorption  by, 
354 

functions  in  digestion,  354 

mixture  with  chyme,  855 

mucus  in,  354 

natural  purgative,  355 

process  of  secretion,  855 

re -absorption,  356 

salts,  354 

secretion  and  flow,  355 

secretion  in  foetus,  855 

tests  for,  352 

uses,  354 
Bilifulvin,  Biliprasin,  Bilirubin,  Biliver- 

din.  352 
Bilin,  351 

preparation  of,  851 

re-absorption  of,  357 
Binocular  vision,  722 
Bioplasm,  2.     See  Protoplasm. 
Biuret  test,  110 

Bladder,  urinary.     See  Urinary  Bladder. 
Blastema.     See  Protoplasm. 
Blastodermic  membrane,  20,  753 
Blind  spot,  717 
Blocking,  280 
Blood,  123 

arterial  and  venous,  158 

buffy  coat,  126 

chemical  composition,  157 

coagulation,  125  et  mq, 

color,  128 

coloring  matter,  150  «t  mq, 

relation  to  that  of  bile,  156 

composition,  chemical,  148 
variations  in,  158 

corpuscles  or   cells   of,    185.      8u 
Blood  •  corpuscles. 

corpuscles,  red,  185 
white,  138 

crystals,  150 

cupped  clot,  137 


Blood,  development,  160 

extractive  matters,  146 

fatty  matters,  146 

fibrin.  127 

separation  of,  128 

gases  of,  148 

heemoglobin,  150 

hepatic,  159 

odor  or  halitus  of,  124 

plasma,  123 

portal,  characters  of,  159 

quantity,  124 

reaction,  123 

saline  constituents,  147 

serum  of,  145 

specific  gravity,  123 

splenic,  159 

structural  composition,  185 

temperature,  123 

uses,  163 

of  various  constituents,  163 

variations  of,   in  different  circum- 
stances, 157 
in  different  parts  of  body,  158 
Blood-corpuscles,  red.  135 

action  of  reagents  on,  136 

chemical  composition,  147 

development,  160 

disintegration  and  removal,  485 

method  of  counting,  141 

rouleaux,  186 

specific  gravity,  135 

stroma,  185 

tendency  to  adhere,  186 

varieties,  135 

vertebrate,  various,  187 
Blood -corpuscles,  white,  138 

amceboid  movements  of,  140 

derivation  of.  168 

formation  of,  in  spleen,  162,  485 

locomotion,  189 

varieties,  139 
Blood -crystals,  150 
Blood -pressure,  197  et  seq, 

in  veins,  208 

in  capillaries.  204 

osmotic  character  of,  217  et  »eq. 

influence  of  nervous  system  on,  288 
Blood-vessels,  absorption  by,  408 
Bone,  68 
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Bone,  canaliculi,  55 

cancellout.  54 

cbcmical  com  post  tioD,  58 

compact,  54 

development,  58  et  teq. 

functions,  67 

growth,  66 

Haversian  canals,  56 

lacunas  55 

lamelbc,  57 

marrow,  54 

medullary  canal,  54 

periosteum,  55 

structure,  53 
Branchial  clefts,  776 
Brain.  '  See  Cerebellum,  Cerebrum, 
Pons,  etc. 

adult,  607 

amphibia,  608 

apes,  609 

birds,  608 

capillaries  of,  222 

child.  607 

circulation  of  blood  in,  222 

convolutions,  600 

female,  608 

fish,  008 

gorilla.  000 

idiots,  HOK 

lobts.  000 

inah".  008 

maininalia,  608 

orang,  00 Jl 

pnjportion  of  water  in.  120 

(luaiitity  of  blood  in,  232 

rabbit,  OOH 

n'|)tih'.s.  (U)H 

weight.  608 

relative,  (508 
Breathing.     *St«  Kespirution. 
Bronchi,  arrangement  and  structure  of, 

24S 
Bronchial  arteries  and  veins,  254 
Brnnner's  glandH.  JiJJ5 
BufTy  coat,  formation  of.  227 
Bulb.     .*yr  Meiliillft  oblongata. 

olfa<'t(iry.  O.Vi 
Ibdbiis  arteriosus.  7HJi 
BunlruirH  column.  551 
Butyric  acid.  119 


Calcification  compared  with  oMiflca- 

tion,  66 
Calcium  salts,  151 
Calorimeter,  497 
Calyces  of  the  kidney,  888 
Canal,    alimentarj.      8f€  Stomach,    In- 
testine, etc 

external  auditory,  659 
function  of,  668 

spiral,  of  cochlea,  665 
Canaliculi  of  bone,  55 
Canal  of  Schlemm,  685 

of  Petit.  691 
Cancellous  texture  of  bone,  54 
Cane  sugar,  118 
Capacity  of  chest,  vital,  262 
Capillaries.  176 

circulation  in,  916 

development,  750  ei  aeq. 

influence  of,  on  circulaticui,  917 

lymphatic,  875 

network  of,  177 

number,  178 

passage  of  corpuscles  through  walla 
of.  217 

pressure  in.  904 

resistance  to  flow  of  blood  in.  216 

still  layer  in.  216 

structure  of,  176 
Capsule  of  Glisson.  846 
Capsules.  Malpighian.  387 
Carbohydrates.  117.  800 
Carbonic  acid  in  atmosphere.  265 

in  blood.  157 

elTectof,  281 

exhaled  from  skin,  425 

increase  of,  in  breathed  air,  265 

in  lungs,  271 

in  relation  to  heat  of  iKxly.  498 

Brown ian  movement,  S 
Carburetted  hydrogen,  120 
Cardiac  orifice  of  stomach,  action  t>f,  ;W1 

sphincter  of,  831 

relaxation  in  vomiting.  331 
Cardiac  revolution,  186 
Cardiograph.  190 
Cardio  inhibitory  centre,  238 
Carotid  gland,  596 
Cartilage,  49 

articular,  51 
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Cartilage,  cellular.  52 

cbondrin  obtained  from,  58 

classitication,  49 

developincDt,  53 

clastic,  51 

dbrous,  52.     Ses  Fibro-cartilage. 

fiiDctioD,  58 

bynline.  49 

matrix.  49 

nutrition.  51 

ossification,  60 

pericbondriuni  of,  49 

structure,  49 

t<?mporary,  51 

uses.  53 

varieties*  49 
Cartilage  of  external  ear,  used  in  hear- 
ing, 6C9 
Cartilages  of  larynx,  521 
Casein.     See  Milk. 
Caseinogen,  113 
Cauda  equina,  543 
Cause  of  fluidity  of  liTing  blood,  184 
Cavity  of  reserve,  78 
Cell  globulin,  132 
Cells,  2 

amoeboid,  4 

blood.     8e€  Blood-corpuscles. 

cartilage,  50 

chemical  transformation,  26 

ciliated,  82 

classification,  24 

connective-tissue,  38 

decay  and  death,  26 

definition  of,  2 

epithelium,  26.     8ee  Epithelium. 

fission,  13 

formative.  755 

functions,  3  et  seq, 

gemmation,  9 

modes  of  connection,  25 

nutrition,  7 

olfactory,  656 

organized,  20 

pigment,  27 

reproduction,  9 

segmentation,  20 

structure,  9  et  seq. 

transformation,  26 

varieties,  24 


Cells,  vegetable,  16 

distinctions  from  animal  cells, 
15  et  «^. 
Cellular  cartilage.     See  Cartilage.  • 
Cellulose,  19 

Cement  of  teeth.     See  Teeth. 
Centres,  nervous,  etc.     See  Nerve-centres. 

of  ossification,  59 
Centrifugal  machine,  144 
Centrifugal  nerve-fibres,  537 
Centripetal  nerve-fibres,  587 
Cerebellum,  627 

co-ordinating  function  of,  680 

cross-action  of,  630 

effects  of  injury  of  crura,  680 

of  removal  of,  630 
functions  of,  630 
in  relation  to  sensation,  629 
to  motion,  629 
to  muscular  sense,  681 
structure  of,  627 
Cerebral  cortex,  motor  areas  of,  610 
Cerebral  hemispheres.     See  Cerebrum. 
Cerebral  nerves,  580 
third,  581 

effects  of  irritation  and  injury 

of,  581 
relation  of,  to  iris,  582 
fourth.  582 
fifth,  583 

distribution  of,  588 
'  effect  of  division  of,  584 
influence  of,  on  muscles  of  mas* 

tication.  584 
influence  of.  on  organs  of  special 
sense,  587 
relation  of,  to  nutrition,  587 
resemblance  to  spinal  nerves,  588 
sensory  function  of  greater  division 

of  fifth.  585 
sixth,  588 

communication  of,  vvith  sympa- 
thetic, 588 
seventh,  588 
eighth.  590 
ninth,  591 
tenth,  592 
eleventh,  595 
twelfth,  596 
Cerebration,  unconscious,  621 
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Cerebrin,  606 

Cerebro-cerebellar  fibres,  615 
Cerebro-spiDal  fluid,  relation  to  circula- 
tion. 224 
Cerebro-spiual  Dervous  system.  SS8etaeq. 

iSe^  Brain.  Spinal  Cord,  etc. 
Cerebrum,  its  structure.  601 

chemical  com]K)6it]on.  606 

convolutions  of,  601  et  seq. 

crura  of,  697 

development,  792 

distinctive  character  in  man,  609 

effects  of  injury,  618 

removal,  618 

electrical  stimulation,  611 

functions  of,  617 

gray  matter,  604 

in  relation  to  speech,  613 

other  parts,  56/1  et  §eg. 

localization  of  functions,  611 

structure,  604  et  seq. 

unilateral  action  of,  620 

weight,  608 

white  matter,  604 
Chambers  of  the  eye,  691 
Characteristics  of  organic  compounds, 

108 
Chemical    composition    of    Che    human 

body,  108 
Chest,  246 

Cheyne-Stokes'  breathing.  286 
Chlorides  In  urine,  estimation  of,'  814 
Chlorine,  121 
Chlorophyll,  17 
Cholesterin,  853 
Choletelin,  353 
Chondrin,  53,  116 
Chorda  dorsah's,  758 
Chorda  tynipani,  805  it  tteq. 
Chordae  t<»ndineap.     See  Heart. 
Chorion,  766 
Choroid  coat  of  eye.  681 

blood-vessels,  682 
Choroidal  fissure,  701 
Chromatic  aberration.  689.  705 
Chroinophancs,  712 
Chyle,  882  tt  neq. 

coagulation  of,  382 
Chyle-corpuscles,  382 
Chyme,  877 


Cilia,  83 

Ciliary  epithelium,  82 

function  of,  84 
Ciliary  motion,  84 

nature  of,  84 
Ciliary  muscles,  668 

action  of  in  adaptation  to  distano 
700 
Ciliary  prdcesses,  682 
Circulation  of  blood,  164 

action  of  heart,  165 

brain,  222 

capillaries,  216 

course  of.  164  e<  9eq, 

discovery,  243 

erectile  structures,  224 

forces  regulating.  225 

influence  of  respiration  on.  281 

in  veins.  218 

peculiarities  of,   in  different  par 
221 

proofs,  243 

pulmonary,  254 

systemic,  165 

velocity  of,  221 
Circumvallate  papillae,  310 
Claustrum,  599 
Clefts,  visceral.  776 
Clitoris.  734 

development  of,  806 
Cloaca.  805 
Clot  or  coagulum  of  blood.     See  Coaj 

lation. 
Coagulation  of>blood,  125 

absent  or  retarded,  132 

conditions  affecting.  132 

theories  of,  131 

of  chyle,  382 

of  lymph.  382 
Coagulated  proteids.  115 
Coccygeal  gland.  493 
Cochlea  of  the  ear,  664 

office  of,  673 
Cohnheim's  fields,  83 
Cold-blooded  animals.  495 
Colloids.  373 
Colostrum,  471 
Color-blindness,  704 
Color  sensations.  718 
Colors,  optical  phenomena  of,  718  et 
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Color  sensations,  theories  of,  718 
Columnar  epithelium,  31 
Complcmental  air.  262 

colors.  .720 
Conducting  paths  in  cord,  549 
Conjunctiva,  678 
Connective  tissues.  38 

classification,  41 

corpuscles  of,  41 

fibrous,  41 

gelatinous,  44 

general  structure  of,  88 

retiform,  45 

varieties,  41 
Contraction  of  pupil,  701 
Control  centres,  580 
Convolutions,  cerebral,  601  et  aeq. 
Cooking,  effect  of,  295 
Co-ordination  of  movements,  622 
Copper,  an    accidental  element   in  the 

body,  122 
Corona  radiata,  598 
Cord,  spinal.     See  Spinal  Cord. 
Corium,  418 
Cornea,  679 

corpuscles,  680 

nerves,  680 

structure.  679 
Corneoscleral  junction,  684 
Corpora  Arantii.  173 

geniculata,  601,  633 

quadrigemina,  000 
their  function,  600 

striata,  599 

their  function,  626 
Corpus  callosum,  567 

dentatum,  of  cerebellum,  600 
of  olivary  body,  574 

luteum,  744 

of  human  female,  745 
of  mammalian  animals,  745 
of  menstruation  and  pregnancy 
compared,  746 
Corpuscles  of  blood,    135.     See  Blood- 

corpuscles. 
Corti's  rods,  667  et  seq. 

office  of,  664 
Cowper's  glands,  747 
Cranial  nerves.     See  Cerebral  nerves. 
Cranium,  development  of,  773 


Crassamentum,  125 

Crescents  of  Gianuzzi,  300.  /SMSemilunes 

of  Heidenhain. 
Crico-arytenoid  muscles,  523 
Cricoid  cartilage,  521 
Crossed  pyramidal  tract,  549 
Crura  cerebelli,  627 

effect  of  dividing.  632  et  seq. 
of  irritating,  632 
Crura  cerebri,  597 

their  office,  597 
Crusta,  597 

petrosa,  74 

phlogistica,  126 
Crystallin,  114 
Crystalline  lens,  683 

in  relation  to  vision  at  different  dis- 
tances, 698 
Crystalloids,  371 

Cupped  appearance  of  blood-clot,  127 
Curdling  ferments,  472 
Currents  of  action,  444 

ascending,  453 

continuous,  434 

descending,  453 

induced,  436 

muscle,  432 

natural,  432 

negative  variation.  444 

nerve.  454 

polarizing.  454 

rest,  432 
Cuticle.    See  Epidermis,  Epithelium. 
Cutis  vera,  418 
Cystic  duct,  346 
Cystin  in  urine,  408 

Daltonism,  720 
Danieirs  battery,  434 
Decidua  menstrualis,  744 

reflexa.  769 

serotina,  769 

vera.  769 
Decomposition,  tendency  of  animal  com- 
pounds to,  109 
Decomposition*  products,  110 
Decussation    of  fibres,  in  medulla   ob- 
longata. 573 

in  spinal  cord,  556 

of  optic  nerves,  623 
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Dcfsecation,  mechnDism  of,  668 

influence  of  spinal  cord  on,  068 
Degeneration  method,  540 
Deglutition.    /Sm  Swallowing. 
Dendrites,  89,  97 
Dentine,  71 
Depressor  nerve,  240 
Derived  albumins,  112 
Derma,  418 

Descemet's  membrane,  680 
Deutero-albumose,  835 
Development,  750 

alimentary  canal,  797 

arteries,  784 

blood-vessels,  784 

brain,  791 

capillaries,  784 

cranium,  774 

ear,  797 

extremities,  778 

eye,  794 

face  and  visceral  arches,  776 

fibrous  tissue,  45 

heart,  779 

liver,  799 

lungs,  801 

medulla  oblongata,  799 

muscle,  89 

nerves,  790 

nervous  system,  790 

nose,  797 

organs  in  fa'tus,  756 

organs  of  sense,  794 

pancreas,  799 

pituiUiry  body,  775 

rt'spiratory  apparatus,  801 

salivary  glaiuis,  799 

signal  curd,  791 

tietli,  74 

vascular  systeni,  779 

veins,   7JS0 

vertebral  column  and  cranium,  768 

visceral  arches  and  clefts,  776 

Wolffian  bmlies,    urinary  apparatus 
and  si'xual  organs,  802 
Dextrin.  IIH 
Dextrose.  118 
Diabetes,  477 

l)iMj>edesi.s  (»f  bloo<l corpuscles.  218 
Piapliragin.     .S<'  Inspiration,  etc. 


Diastase  of  liver,  470 
Diet,  512  et  9eq. 
Digestion,  291 

in  the  intestines,  859,  861.     JBm  Gas- 
tric fluid,  Food,  Stomach. 
Dilatation  of  pupil,  701 
Diplopia,  722 
Direct  cerebellar  tract,  049 

pyramidal  tract,  549 
Dorsal  laminae,  758 
Double  hearing,  676 

vision,  729 
Dreams,  622 

Drowning,  cause  of  death  in,  986 
Ductless  glands,  774 
Ducts  of  Guvier,  788 
Ductus  arteriosus,  790 

venosus,  789 

closure  of »  790 
Duvemey's  glands,  784 
Dyspnoea,  286 

Ear,  660 

bones  or  ossicles  of,  661 
function  of,  671 

development  of,  797 

external,  660 

function  of,  668 

internal,  668 

function  of,  673 

middle.  661 

function  of,  669 

osseous  labyrinth.  668 
Egg-albumin,  112 
Elastic  cartilage,  51 

fibres,  40 

tissue,  42 
Elastin,  41,  116 
Electricity  in  muscle,  431 

in  nerve,  453 

in  retina,  712 
Electrotonus,  454 

Elementary    siibstances   in    the    human 
l)ody,  108 

accidental,  122 
Embryo,     750    et     ^,       See    Develop- 
ment. 
Embryological  method,  649 
Embryonic  shield,  756 
Emmetropic  eye,  703 
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Emotionft,  coDoection  of,  with  cerebral 

hemispheres,  617 
EmulsificatioD,  344 
Enamel  of  teeth,  78 
Enamel  organ,  74 
Enchjlcma,  9 
End -brushes,  96 
End-bulbs.  104 
End-plates,  motorial,  88 
Endocardiac  pressure,  193 
Endocardium,  171 
Endolymph.  667 
Endoneurium,  95 
Endosmometer,  370 
Endothelium,  27 

distinctive  characters,  27 

germinating,  29 
Energy,  daily  amount  expended  in  body, 

516 
Epencephalon,  798 
Epibkst,  20,  755 
Epidermis,  416 
Epididymis,  785 
Epiglottis,  247 

structure,  247 
Epineurium,  95 
Epithelial  tissues,  26 
Epithelium,  26 

ciliated,  32 

cogged,  86 

columnar,  81 

cylindrical,  81 

glanduUr,  81 

goblet-shaped,  81 

simple.  27 

spheroidal,  81 

squamous  or  tessellated,  27 

stratified,  85 

transitional,  85 
Erect  position  of  objects,  perception  of, 

712 
Erectile  structures,  circulation  in,  224 
Erection,  224 

cause  of,  224 

influence  of  muscular  tissue  in,  224 

a  reflex  act,  564 
Erythrogranulose.  808 
Brytliro-dextrin,  808 
Etliers,  810 
Eustachian  tube,  661 


Eustachian  tube,  function  of,  672 
Excretion,  387 

Exercise,   effects  of,   on  production  of 
carbonic  acid.  267 

effects  of,  on  temperature  of  body, 
495 
Expenditure  of  body,  515  et  teg. 
Expiration,  258 

influence  of,  on  circulation,  284 

mechanism  of,  258 

muscles  concerned  in,  258 

relative  dumtion  of,  261 
Expired  air,  properties  of,  265  ei  aeg. 
Extremities,  development  of,  778 
Eye,  678 

adaptation  of  vision  at  different  dis- 
tances, 697  et  neq. 

bk)od- vessels,  692 

development  of,  794 

optical  apparatus  of,  698 

refracting  media  of,  694 

resemblance  to  camera,  694 
Eyelids,  677 

development  of,  796 
Eyes,  simultaneous  action  of,  in  vision, 
721 

Face,  development  of.  777 
Facial  nerve,  588 

effects  of  paralysis  of,  589 

relation  of,  to  expression,  590 
Ftpccs,  composition  of,  365 

quantity  of,  865 
Fallopian  tubes,  782 
Fasting,  influence  on  secretion  of  bile, 

508 
Fat.    See  Adipose  tissue. 

action  of  bile  on,  854 

of  pancreatic  secretion,  344 
of  small  intestine  on,  360 

absorbed  by  lucteuls,  383 

formation  of,  507 

situations,  where  found,  46 

uses  of,  49 
Fatty  acids.  119,  811 
Fechncr's  law,  709 

Fehliii^'s  method  for  sugar  in  urine,  817 
Female  generative  organs,  728 
Fenestra  ovhIIr.  C6:i 

rotunda.  664 
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Fennents.  862 
Fibres  of  Mailer,  691 
Fibrils  or  filameots,  18 
Fibrin,  115.  147 

in  chyle,  888 

ferment,  181 

formation  of,  128 

sources  and  properties  of,  115 
Fibrinogen,  114,  \2S  et»eq. 
FibrO'Cartilage,  52 

classification,  52 

development,  53 

^hite,  52 

yellow,  51 
Fibrous  tissue.  41 

development,  45 

white,  41 

yellow,  42 
Fick*s  kymograph,  201 
Field  of  vision,  actual  and  ideal  size  of, 

714 
Fifth  nerve.    See  Cerebral  Nerves. 
Fillet,  616 
Filtration,  409 
Flesh  of  animals,  291 
Fluids,  passage  of,  tlirough  membranes, 

369 
Fluoride  of  calcium,  121 
Focal  distance,  697 
Foetus,  circulation  in  788 

communication  with  mother,  770 

membranes.  763  et  aeg. 
Folds,  head  and  tail,  760 
Follicles,   Graafian.     See  Graafian  Vesi- 
cles. 
Food,  291 

classification  of,  291 

digestibility  of  articles  of,  292 
value  dependent  on,  292 

improper,  510 

of  roan,  512 

too  little.  507 
too  much,  511 

vegetable,  contains  nitrogenous  prin- 
ciples, 294 
Foot-pound,  197 
Foot-ton,  197 
Forced  movements,  633 
Form  of  bodies,  how  estimated.  716 
Fonuation  of  fat,  509  et  i*eq. 


Fommtion  of  fat,  urinary  solids,  481 

Formic  acid,  119 

Fornix.  567 

Fourth    cranial    nerve.      See   Cerebrd 

nerves. 
Fov^  centralis,  688 
Fundus  of  eye,  709 

of  uterus,  735 
Funiculus  of  Rolando.  573 
Furfur  aldehyde,  852 
Fuscin.  712 

Galactophohous  ducts,  460 
Galactose,  119 
Gall-bladder.  850 

structure,  850 
Galvanometers,  480 
Ganglia,  99.    <Sk  Nerve-centres. 
Ganglion,  Gasserian.  686 
Gases,  120 

in  bile.  854 

in  blood,  148 

extraction  from  blood,  148 

in  stomach  and  intestines,  866 

in  urine,  397 
Gastric  glands.  818 
Gastric  juice,  821 

acid,  test  for,  322 

acids  in,  322 

action    of,    on    nitrogenous    food. 
325 
on  non -nitrogenous  food.  325 
on  saccharine  and  amyloid  prin- 
ciples. 325 

characters  of,  321 

composition  of,  322 

digestive  power  of,  323 

experiments  with.  323 

pepsin  of.  322 

quantity  of,  822 

secretion  of,  329 

how  excited,  329 
influence  of,  on  nervous  system. 
328 
Gelatin,  115 

as  food,  511 

action  of  gastric  juice  on.  325 

action  of  pancreatic  juice  on,  344 
Gelatinous  substances.  115 
Generation  and  development,  728 
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Generative  organs  of  the  female,  728 

of  the  male,  784 
Oerlacb's  network,  546    • 
Germinal  area,  753 

epitbelium,  729 

matter,  2 

spot,  2,  731 

vesicle.  2,  731 
Giant  cells.  54 

Gland.     See  names  of  different. 
Gland,  prostate.  740 
Glisson's  capsule,  348 
Globulin,  114 

distinctions  from  albumin,  114 
Globus,  major  and  minor,  736 

development,  752 
Glossopharyngeal  nerve,  278,  501 

common  to  sensation  and  taste,  5d2 

communications  of,  592 

motor  filaments,  592 
Glottis,  action  of  laryngeal  muscles  on, 
528 

forms  assumed  by,  528 

narrowing  of,  proportioned  to  height 
of  note,  529 

respiratory  movements  of,  528 
Glucose,  117.  118,  816 

in  liver.  474 

test  for,  119 
Gluten  in  vegetables,  294 
Glycerin,  117,  344 
Glycin.  351.  795 
Glycocholic  acid,  351 
Glycogen,  19.  118 

characters,  118 

destination,  475 

preparation.  475 

quantity  formed,  475 

variation  with  diet,  475 
Glycosuria,  476 

artificial  production  of,  476 
Gmelin's  test,  358 
Goll's  column,  548 
Graafian  vesicles,  729 

formation  and  development  of,  729 
et  seq, 

relation  of  ovum  to,  729 

rupture  of,  changes  following,  744 
et  seq. 
Granular  layers  of  retina,  687 


Grupe-sugar.     Qee  Glucose. 
Gray  matter  of  cerebellum,  571 

of  cerebrum,  571 

of  crura  cerebri,  571 

of  medulla  oblongata,  571 

of  pons  Varolii,  571 

of  spinal  cord,  546 
Groove,  primitive,  756 
Growth,  7 

coincident  with  development,  8 

of  bone,  66 

not  peculiar  to  liying  beings,  8 
Gyrus  fomicatus,  602 

Habitual  movements,  620 
Haematin,  155 

hydrochloratc  of,  156 
Heemadynamometer,  200 
Haematoidin,  156 
Haematochometer,  215 
Haematoporphyrin,  155 
Haemin,  156 
Haemochromogen,  156 
Hsemocytometer,  142  et  9eq, 
Haemoglobin,  150  €^^9. 

action  of  gases  on,  152 

derivatives  of,  155 

distribution,  150 

estimation  of,  153 

spectrum,  152 
Hair-follicles,  421 

their  secretion,  477 
Hairs,  421 

structure  of,  421 
Hamulus,  666 

Hassall,  concentric  corpuscles  of,  487 
Haversian  canals,  56 
Head -folds,  760 
Hearing,  anatomy  of  organ  of,  660 

double,  676 

influence  of  external  ear  on,  668 
of  labyrinth,  673 
of  middle  ear,  679 

lesion  of  facial  nerve  impairs,  589 

physiology  of.  668. 

See  Sound,  Vibrations,  etc. 
Heart,  165  et  seq. 

action  of.  182 

accelerated.  232 
force  of,  195 
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Heart,  action  of,  frequency  of,  195 

inhibited,  231 

after  removal.  227 

rhythmic.  22Q  etseq. 

work  of,  197 
auricles  of,  167,  169.    See  Auricles, 
capacity,  170 
chambers,  167 
chordffi  tendiuesB  of,  172 
columnaa  camro  of,  172 
course  of  blood  in,  165 
development,  782 
electrical  phenomena,  287 
endocardium,  171 
force.  195 
frog's,  227 
ganglia  of,  227 
impulse  of,  189 

tracing  by  cardiograph,  190  et 
seq. 
influence  of  pneuroogastric  nerve,  281 

of  sympathetic  nerve,  232 
investing  sac,  165 
metabolism,  287 
muscular  tibres  of,  86,  170 
muscle  corpuscles.  86 
nervous      connections    "with     other 
organs,  288 

rhythm,  226 
nervous  system,  influence  on,  231 
revolution  of,  180 
rhythniicnl  contructllity.  226 
situation,  \(\h 
sounds  of,  187 

(•aus<'s,  1h7 
structure  of,  170 
valvj'S,  171 

arterial  or  semilunar,  172 
function  of,  1H5 

auriculo-venlriculHr,  170 
function  of.  1H8 
ventricles,  their  ac-tlon,  109 
work  of.  H)7 
Heat,  animal.     *Sr^  Temperature. 
intlijeiK  e  of  nervous  system,  501 

of  vnrinns  circumstances  on,  5(K) 

t  t  Mt  tj. 

losses  l»y  radiation,  etc..  490 
sources   and   modes  of   i>roduction, 
41>0 


Ilcat  centres,  503 

Heat  or  rut,  analogous  to  menstnistion, 

497 
Heat- producing  tissues,  497 
Height,  relation  to  respiratory  capacity, 

263 
Helicotrema,  666 
Helix  of  ear,  660 

Hemispheres,  Cerebral.     *Sw  Cerebrum. 
Herbivorous  animals,  perception  of  odors 

by,  658 
Hering*s  theory,  718 
Hetero-albumose,  324 
Hiccough,  mechanism  of,  278 
Hippocampus  major,  60S 

minor,  603 
Hippuric  acid,  481 
Horse's  blood,  peculiar  coagulation  of, 

126 
Hunger,  sensation  of,  641 
Hyaloplasm,  9 

Hybernation,  state  of  thymus  in,  488 
Hydrobilirubin,  858 
Hydrocarbons,  810 
Hydrocele  fluid,  128 
Hydrogen,  120 
Hydrolytic  ferments,  816 
Hymen,  7JU 
nyi)ermetropia,  704 
Hy lurpntea,  286 
Hyperpyrexia,  495 
Hypoblast,  20 
Ilypoulossal  nerve,  596 
Ilypoxanthin,  400 

Idkas,    connection   of,    with    oerelmnu. 

017 
lleo-ca'cal  valve,  340 
Illusions.  (i4'2 

Ima>;(«,  formation  of.  on  retina.  fl9fl 
Impulse  of  heart,  1H9 
Income  and  output  of  energy.  5ir» 
Incus,  00'2 

function  of,  070 
Indican.  405 
Tndii^o.  40.") 
Indol.  WAW 
In<luction  coil,  485 

current.  4o.'i 
Infundibulum,  253 
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Inhibitory  influence  of   pneumogastric 
nerve,  281 

heat 'Centre,  604 
Inogen,  457 

Inorganic  matter,   distinction  from  or- 
ganized, 108 

principlei,  130 
Inosite.  119 
Insalivation,  297 
Inspiration,  255 

elastic  resistance  overconie  by,  255 

extraordinary,  257 

force  employed  in,  263 

influence  of,  on  circulation,  281 

mechanism  of,  255 
Intercellular  substance,  39 

passage.  253 
Intercostal   muscles,  action    in  inftpira- 
tion.  257  et  seq, 

in  expiration,  258 
Internal  capsule,  598 
Intestinal  juice,  358,  361 
Intestines,  digestion  in,  365 

gases.  366 

large,  digestion  in,  361 

movements,  363 

small,  changes  of  food  in,  359 
Inversive  ferments,  859 
Involuntary  muscles,  actions  of,  450 

structure  of,  79 
Iris,  682 

action  of,  682  et  seq. 

in  adaptation  to  distances,  700 

development  of.  796 
Iron,  120 
Irradiation,  706 
Island  of  Reil,  609 

Jacob80N*8  nerve,  692 
Jaw,  interarticular  cartilage,  297 
Judgment,  650 
Juice,  gastric,  321 
pancreatic,  340 
Jumping,  460 

Karyokinesis,  13 
Karyomitosis,  18 
Katabolic  nerves,  640 
Katelectrotonus,  464 


Keratin,  117 

Key.  434 

Kidneys,  their  structure,  887 

blood-vessels  of,   bow   distributed, 
392 

capillaries  of,  892 

development  of,  801 

function  of.     See  Urine. 

Malpigbian  corpuscles  of,  889 

nerves.  395 

tubules  of.  888  et  9eg. 
Kreatin.  429,  812 
Kreatinin.  406.  429,  812 
Kymograph,  200 

tracings,  201 

spring-,  202 

Labia,  externa  and  interna,  784 
Labyrinth  of  the  ear.  Su  Ear. 
Lachrymal  apparatus,  678 

gland,  678 
Lacteals,  337 
Lactic  acid,  120 

in  gastric  fluid,  322 
Lactose,  118 
Laevulose,  118 
Laminae  dorsales,  768 

viscerales  or  ventrales,  762 
Lardacein,  115 

.  Large  intestine.     See  Intestine. 
Laryngoscope,  525 
Larynx,  construction  of,  246,  521 

muscles  of,  528 

nerves  of.  525 

variations  in,  according  to  sex  and 
age,  530 

vocal  cords  of,  621 
Lateral  plate,  759 

ventricles,  667 
Laughing,  275 
Law  of  contraction,  465 
Lead  an  accidental  element,  122 
Leaping,  452 
Lecithin,  353 
Lens,  crystalline,  688 

capsule.  684 

structure,  688 
Lenticular   ganglion,  relation   of  third 
nerve  to,  682 

nucleus,  699 
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LeuciD,  848 

Leucocytes.        See     Blood     corpuscles 

(white). 
Lieberknhn's  glands,  834 
Lingual  branch  of  fifth  nerve,  587 
Lips,  influence  of  fifth  nerve  on  move- 
ments of,  584 
Liquor  amnii,  765 

sanguinis,  or  plasma,  128 
Liver.  846 

action  of,  on  albuminous  matters, 
478 
on  saccharine  matters,  474 

blood-vessels  of.  348 

capillaries  of.  348 

celis  of.  347 

circulation  in.  848 

development  of,  799 

functions  of,  159,  473  et  wq, 

glycogenic  function  of,  474 

secretion  of.     See  Bile. 

structure  of,  347 

sugar  formed  by,  474  et  seq. 
Loop  of  Henle,  390 
Ludwig's  air-pump,  148 
Lungs,  250 

blood -supply,  254 

capillaries  of,  254 

cells  of,  242 

changes  of  air  in,  265 
of  bl(MHl  in.  270 

circulation  in,  254 

contraction  of,  259 

coverings  of,  251 

development  of,  801 

IoIkjs  of,  252 

lobules  of,  252 

lymphatics,  255 

nuisc'iilar  tissue  of,  251 

nerves,  255 

nutrition  of,  254 

position  of,  250 

structure  of,  252 
Luxus  consumption,  510 
Lymph.  :is2 

compared  with  chyle,  388 
with  blood.  liSS 

curn-nt  of.  'Ml 

quantity  formed.  388 
LympU'Corpuiclci,  388 


Lymph -hearts,  structure  and  action  of, 
878 
relation  of  to  spinal  oord,  878 
Lymphatic  glands,  878 
Lymphatic  vessels,  878 
absorption  by,  884 
arteries  and  veins  of.  181 
communication  with  serous  cavities, 

876 
communication  with  blood-vessels, 

874 
course  of  fluid  in,  377 
distribution  of.  378 
origin  of,  875 
structure  of.  877  ei  mq, 
valves  of,  877 
Lymphoid  or  retiform  tissue,  44.     t^ 
Adenoid  tissue. 

Macula  germinativa,  731 
Male  sexual  functions,  747 
Malleus.  662 

function  of,  669 
Malpighian  bodies  or  corpuscles  of  kid- 
ney. 389.     See  Kidney. 

corpuscles  of  spleen,  484  ei  9eq, 
Maltose,  118.  303 
Mammary  glands,  468 

evolution,  469 

involution,  470 

lactation,  470 

structure,  468 
Mandibular  arch,  777 
Manganese*,  122 
Mastication,  297 

centre,  297 

fifth  nerve  supplies  muscles  of,  297 

nuiscles  of.  297 
Mastoid  cells.  061 
Meatus  of  ear,  660 
Medulla  oblongata,  571  ci  tieq. 

columns  of,  571 

conduction  of  impressions,  577 

decussiition  of  fibres,  578 

effects  of  injury  antl  disease  of,  578 

fibres  of.  how  distributed,  572 

functions  of,  577  ti  uq. 

important  to  life.  57H 

nerve-centres  in.  578 

pyramids  of.  anterior.  678 
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Medulla  oblongata,  posterior,  572 

structure  of,  572 
Medullary  folds,  572 

groove,  572 

plate,  572 
Meissncr's  plexus,  888 
Melanin.  712 
Membmna  decidua,  700 

granulosa,  730 

development    of    into    corpus 
luteum,  745 

limitans  externa,  688 
interna,  686 

propria,    or    basement   membrane. 
8m  Basement  membrane. 

tympani,  662 
office  of,  670 
Membrane,  blastodermic,  753 

of  tlic  brain  and  spinal  cord,  548 

vitelline,  730 
Membranes  of  brain,  543 

mucous.     See  Mucous  membranes. 

passage  of  fluids  through.     See  Os- 
mosis. 

serous.    /^Serous  membranes. 
Membranous  labyrinth.     See  Ear. 
Memory,    relation    to    cerebral    hemi- 
spheres. 617  et  9eq. 
Menisques,  tactile,  105 
3Ienstnml  discharge,  composition  of,  743 
Menstruation.  741 

coincident  with  discharge  of  ova, 
741 

corpus  lutenm  of,  746 

time  of  appearance  and  cessation, 
744 
Mercurial  manometer,  199 
Mesencephalon,  793 
Mesoblast,  20,  755 
Mesocephalon,  793 
Metencephalon,  793 
Methtemoglobin.  153 
Micro-organisms  in  intestines,  862 
3Iicturition,  415 
Milk,  as  food,  293 

chemical  composition,  473 

properties  of,  472 

secretion  of.  470 
Milk  curdling  ferments,  472,  815 
Hilkgloboks,  471 


Milk-teeth,  67  et  neq. 

Millon's  reagent  and  test.  Ill 

Mind,  cerebral  hemisphere  the  organs  of. 

617 
Modiolus,  664 
Molars.     See  Teeth. 
Molecular  base  of  chyle.    See  Chyle. 

layers,  686  e<  m^. 
Morphological  development,  20 
Motor  areas,  610 

impulses,  transmission  of,  in  cord, 
556 

nerve-fibres,  537 

laws  of  action  of,  537 
Mouth,  changes  of  food  in,  296  et  9eq. 
Movements  of  eyes,  701 

of  intestines,  363 

protoplasm,  4 
Mucigen,  308 
Mucin,  116 
Mucous  membrane,  462 

basement  membrane  of.  463 

epithelium-cells  of,  463.    See  Epi- 
thelium. 

digestive  tract.  462 

gastro  pulmonary  tract,  462 

genito-urinary  tract,  463 

gland-cells  of,  463 

of  intestines,  464 

of  respiratory  tract,  462 

of  stomach,  464 

of  uterus,  changes  of,  in  pregnancy, 
768 
Mucus,  463 
MQ]ler*s  fibres,  691 
Murexide,  404 
Muscle.  79 

activity.  430 

casket,  83 

chemical  constitution,  427 

clot,  428 

contractility,  432 

contraction,  mode  of,  439 

corpuscles,  83 

curves,  440 

development,  89 

disc  of  Hensen.  83 

elasticity,  429 

electric  currents  in,  430 

fatigue,  443 
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Muscle,  curves.  443 

growth,  89 

heart,  8a 

heat  developed  in  contraction  of,  442 

involuntary,  452 
actions  of,  458 

metabolism,  427 

natural  currcnta,  480 

nervea  of,  87 

non -striated.  79 

physiology  of,  487 

plain,  79 

plasma,  427 

reaction,  428 

response  to  stimuli,  488  it  teq, 

rest  of,  429 

reticulum,  84 

rigor,  446 
'  sarcolemma,  82 

serum,  427 

shape,  changes  in,  448 

skeletal.  80 

sound,  developed  In  contraction  of, 
442 

source  of  action  of,  467 

stimuli,  488 

striated.  80 

structure,  HO  et  seq. 

tetanus,  440 

twitch,  489 

UDstriped,  79 

voluntary,  80 

actions  of,  447 

work  of,  441 
Muscular  action,  4152 

conditions  of,  444 

force.  441 

irritability,  4JW 

duration  of.  after  death,  447 

motion,  4^  et  neq. 

sense,  (W6 
Muscularis  mucosie,  387 
Musical  sounds,  675 
Myeline  sheath.  91 
Myo  allmniin,  428 
Myograph,  4'M 

pendulnni.  488 
Myoluematin,  429 
Myopia,  or  short  ilght.  708 
Myosin,  114,  426 


Myosin,  ferment,  428 
Myosinogen,  428 

Nails,  422 

growth  of,  428 

structure  of,  498 
Nasal  cavities  in  relation  to  nnel],  655  et 

seq. 
Native  albumins.  112 
Near  point,  700 

Nerve-centre,     589.      8te    Cerebellum, 
Cerebrum,  etc. 

ano-spinal,  563 

automatic  action,  579 

cardio-lnbibitory,  579 

ciliospinal,  579 

deglutition,  578 

diabetic,  580 

erection,  584 

genito-urlnary,  564 

mastication,  578 

micturition,  568 

muscular  co-ordination,  888 

reflection  in,  539 

laws  and  conditions  of,  540 

respiratory,  276 

secretion  of  saliva,  805 

sweat,  580 

vaso- motor,  289 

vesico- spinal,  568 
Nerve-corpuscles,  91,  101  et  §eq, 

caudate  or  stellate,  101 

polar.  101 
Nerve-fibres,  89 

mcdullatcd.  89 
Nerves,  586 

action  of  stimuli  on,  458 
currents  of,  452 

alTerent.  587 

axis-cylinder  of,  98 

cells,  97 

centrifugal,  537 

centripetal,  587 

cerebrospinal,  538 

classification,  89 

collaterals,  96 

conduction  by,  586  et  Mq. 
rate  of.  588 

cranial.     See  Cerebral  nerves. 

efferent,  587 
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Nerves,  electrical  curreDto  of,  452 

functions  of,  586 

funiculi  of,  95 

gray  fibres.  89.  98 

ganglia,  99 

impressions*  on,  referred  to  periph- 
ery, 536 

inhibitory.    See  Inhibitory  action. 

intercentral,  587 

laws  of  conduction,  587  e<  seq, 

medullary  sheath,  91 

medullated,  89 

neurilemma,  91 

nodes  of  Ranvier,  98 

non -medullated,  98 

nuclei,  91 

plexuses  of,  97 

primitiye  nerye  sheath,  91 

size  of,  98 

spinal.     See  Spinal  nervea. 

stimuli,  458 

structure,  89 

sympathetic,  621 

terminations  of,  100 
central,  100 
in  celki,  100 

in  corpuscles  of  Golgi,  105 
in  corpuscles  of  Krause,  104 
in  corpuscles  of  Meissner,  103  ei 

seq. 
in  end-bulbs,  104 
in  motorial  end-plates,  88 
in  networks  or  plexuses,  88 
in  Pacinian  corpuscles,  102 
in  tactile  menisques,  105 
in  touch -corpusdtis,  104 

trophic,  689 

trunks,  95 

varieties  of,  89,  687 

velocity  of  nerve  force,  588 

white  fibres,  89 
Nervous  force,  velocity  of,  588 
Nervous  system,  586 

cerebro-spinal,  588 

development,  790 

sympathetic,  684 
Nervous  tissue,  89 
Neural  canal,  758 
Neuraxon,  89 
Neurenteric  canal,  763 
54 


Neurilemma,  91 
lieurin,  353 

Neuroglia,  106  eteeq,,  544 
Neurokeratin,  117,  545 
Neuron,  89 
Nitrogen,  120 

in  relation  to  food,  291  et  eeq. 
Nitrogenous  compounds,  291 

equilibrium,  509 

food,  efiPects  of,  508 
Nodal  poipt,  694 
Nodes  of  Ranvier,  93 
Non-nitrogenous  compounds,  294 
Nose.    See  SmeU. 

development  of,  807 
Notoch(»d,  768 
Nucleic  acid,  117 
Nuclein.  117 
Nucleo-albumins,  117 
Nucleoli,  2 
Nucleus,  2,  11  eteeq, 

division,  18 

position,  11 

staining  of,  11 

structure,  12 
Nutrition,  505 
NymphsB,  784  • 

Odontoblasts,  76 
Odors,  658 

causes  of,  654  et  eeq, 

different  kinds  of.  658 

perception  of,  658 

varies  in  different  classes,  658 

relation  to  taste,  653 
Oleaginous  principles,  digestion  of,  117 
Oleic  acid,  117 
Olfactory  bulb,  655 

cells,  656 

centre,  625 

nerve,  625 

subjective  sensations  of,  659 
Olivary  body,  574 

fasciculus,  574 
Omphalo  mesenteric  arterie6»  784 

duct,  762 

veins,  786 
Oncograph,  410 
Oncometer.  410 
Ophthalmoscope,  709 
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Optic  centres,  623 

lobes,  homologues  of  corpora  quad- 
rigcniina,  633 

lobes,  fuDctioDS  of,  684 

Dcrve,  (lecussatioD  of,  628 

thalamus,  functioD  of,  600,  686 

vesicle,  primary,  782 
secondary,  702 
Optical  angle,  696 

apparatus  of  eye,  608 
Optogram,  711 
Ora  semita  of  retina,  685 
Organ  of  Corti,  667 
Organic  compounds  in  body,  100 

instability  of.  100 
Organs  of  sense,  development  of,  704 
Os  uteri,  734 
Osseous  labyrinth,  663 
Ossicles  of  tlie  ear,  661 
Ossification,  50  et  seq. 
Osteoblasts,  50 
Osteoclasts,  68 
Otoconia,  or  Otoliths,  665 
Ovaries,  728 

Graafian  vesicles  in,  720 
Ovisacs,  720 
Ovum,  720 

action  of  seminal  fluid  on,  751  ei  seq. 

changes  of,  in  ovary,  750 

previous    to  formation  of  em- 
bryo, 750 

subseciuent  to  cleavage,  752  et  seq. 

in  uterus,  750  ct  neq. 

cl<'aving  of  yolk,  752 

ronnfction  of  with  uterus,  750 

(Jis(."h«rg(!  of,  from  ovary,  750 

formation  of,  7131 

girininal  vesicle  and  spot  of,  730  et 

tuq. 

imi)r('gnation  of,  751 

structure  of,  780 

unimprrgnated.  750 
Ovijiuct,  or  Fallopian  tub«,  732 
Oxaluric  acid,  406 
Oxygen.  108 

Pacini  \N  bodies  or  corpuscles,  102,  342 
Pain.  HIS 
Pancreas.  :M0 

development  of,  700 


Pancreas,  functions  of,  848  et  seq. 

structure,  840 
Pancreatic  fluid,  842 
Papillffi  of  the  kidney,  888 

of  skin,  distribution  of,  418 

of  tongue,  810 
Par  vagum.     See  Pneumogaatric  nerre. 
Paraglobulin,  114,  120 
Para  plasma,  0 
Parotid  gland,  saliva  from,  804 

nerves  influencing  secretion  by,  807 
Pars  ciliaris  retina?,  602 
Partial  pressure,  140 
Patellar  reflex,  51 
Pavy's  method,  817 
Pelvis  of  the  kidney,  888 
Penis,  738 

structure,  788 
Pepsin,  822 
Pepsinogen,  820 
Peptic  cells,  810 
Peptones,  115 
Perceptions,  680 
Perfusion  canula,  285 
Pericardium,  165 
Perilymph,  or  fluid  of  labyrinth  of  emr, 

663 
Perineurium,  05 
Peripheral  resistance,  108,  238 
Peristaltic  movements  of  intestines,  368 

of  stomach,  826 
Permanent  teeth.     See  Teeth. 
Perspiration,  cutaneous,  423 

insensible  and  sensible,  423 

ordinary  constituents  of,  423 
Pettenkofer's  test,  352 
Peyer's  glands,  835 

patches,  335 

structure  of,  :^6 
Pflnger's  law,  455 
Phagocytosis,  140 
Phakoscope,  600 
Pharynx,  312 

action  of,  in  swallowing,  312 

influence  of  glosso-pharyngea.  nerve 
on,  812 

influence    of    pneumogastnc    nerve 
on,  812 
Phenol,  120.  343 
Phenomena  of  life,  1 
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Phosphates,  121 

estimation  of.  in  urine,  820 
Phosphorus  in  the  liuman  body,  820 
Phrenograph,  260 
PigniL'Dt  cells  of  retina,  691 
Pineal  gland,  492 
Piotrjwski's  reaction,  110 
Pituitary  body,  492 

development,  775 
Placenta,  768 

fcctal  and  maternal,  768 
Plasma  of  blood,  148 

salts  of,  145 
PkMaine.  128 

consposition  of,  128 

nature  f»f»  128 
Plethysmography  238 
Pleura,  251 

Pleuro-peritoneal  caviiy»  759 
Plexus,  terminal,  107 
Pneumogastric  nerve,  592 

distribution  of,  592 

influence  on  action  of  heart,  231 
deglutition.  593 
gastric  digestion,  593 
larynx,  593 
lungs.  593 
oesophagus,  593 
pharynx,  593 
respiration,  277 

mixed  function  of,  593 

origin  from  medulla  oblongata,  592 
Pneumograph,  24 
Polar  cell,  750 
Pons  Varolii,  its  structure,  596 

functions,  596 
Portal  blood.     See  Liver. 
Potassium,  122 

sulpliocyanate,  302 
Pregnancy,     absence    of    menstruation 
during,  742  et  »eq. 

corpus  luteum  of,  745 
Presbyopia.  706 
Pressor  nerves,  240 
Primitive  groove,  756 

streak.  756 

nerve -sheath, or  Schwann's  sheath,  90 
Pro-nucleus,  female,  751 

male,  751 
Propionic  add,  129 


Prosencephalon,  792 
Prostate  gland,  740 
Proteids,  109 

chemical  properties,  109  et  seq. 

physical  properties,  109  et  teq. 

tests  for,  109  et  seq, 

varieties  of,  109  et  seq. 
Proteoses,  115,  324 
Proto-albumose,  324 
Protoplasm,  1 

chemical  characters,  3 

movement,  4 

physical  characters,  8  et  9eq, 

physiological  characters,  3  et  9eq. 

reproduction,  8 

structure  of  cells,  9 
Protoplasma,  9 
Proto-vertebrjB,  760 
Pseudoscope,  727 
Pscudo-stomata,  30 
Ptyalin,  302 

action  of,  302 
Puberty,  changes  at  period  of,  744 

indicated  by  menstruation,  744 
Pulmonary  artery,  valves  of  heart,  172 
Pulse,  arterial,  198  et  teq, 
PurkiDj**8  figures,  707 
Pyramidal  tnM^ts,  549  ^^mi^. 
Pyramids  of  medulla  oblongata,  509 

Quantity  of  air  breathed,  262 
of  blood  in  animals,  124  et  seq, 
'  of  saliva  secreted,  302 

Rami  communicantes,  636 

efferentes,  636 

viscera les.  636 
Recurrent  sensibility,  552 
Reflex  actions,  539 

augmentation,  542 

conditions  necessary  to,  540 

cutaneous,  560 

inhibition  of.  542 

irregular  in  disease,  540 

laws  of,  540 

morbid,  562 

muscle,  560 

of  medulla  oblongata,  577  et  »eq, 

of  spinal  conl,  559 

purposive  in  health,  540 
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Refracting  media  of  eye,  604 

Refraction,  laws  of,  tt94 

Regions  of  bociy.     See  Frontispiece. 

Relations  of  different  parts  of  brain,  565 

Rcmak,  2 

Remak's  ganglia,  228 

Rennin,  825,  344,  815 

Requisites  of  diet,  512 

Reserve  air,  262 

Residual  air,  262 

Respiration,  245 

abdominal  type,  258 
changes  of  air,  265 
of  blood,  270 
of  the  tissues,  271 
costal  type,  258 
force,  263 
frequency,  263 

influence  of  nervous  system,  275 
mechanism,  255  tit  seq. 
methods  of  recording,  259 
movements,  255 

nitrogen  in  relation  thereto.  268 
organic  matter  excreted,  269 
quantity  of  nir  changed,  262 
relation  to  the  pulse,  263 
to  the  will.  26detfi^. 
suspension  and  arrest,  297  ft  seq, 
tyiKJS  of,  258 
Respiratory  acts,  special,  272 
apparatus,  245 
capacity  of  chest,  263 

relation  to  weight,  263 
ctlls,  252 
inovciiu'iits,  255 

axes  of  rotation,  256  et  neq. 

of  glottis,  201 

intliKMice  on  nmoimt  of  carlK)nic 

acid.  2r)(; 
inlluciKcon  arterial  tension,  281 
ti  «<</. 
muscles.  255  ti  mq. 
daily  work.  204 
power  of.  204 
nerve  centre.  275 
rate,  'im 

relation  to  pulse  rate,  268 
rhytlmi.  201 
honii(i>.  201 
various  mechanism,  272 


Restiform  bodies,  574  et  aeq, 

Retiform  or  adenoid,  or  lymphoid  tissue, 

44 
Reticulum,  9 
Retina,  685 

blind  spot,  707 

blood-vessels.  692 

duration  of  impression  on,  708 
of  after  sensations,  708 

excitation  of,  707 

focal  distance  of,  697 

fovea  centralis,  685 

functions  of.  707 

image  on,  how  formed  distinctly,  696 
inversion  of,  liow  corrected.  712 

insensible  at  entrance  of  optic  nerve, 
707 

layers,  685,  e^et9eq. 

macula  lutea,  685 

ora  serrata,  685 

in  quadrupeds,  724 

reciprocal  action  of  parts  of,  720 

relation  to  direction  of  vision,  707 
to  motion  of  iNxlies,  715 
to  single  vision,  721 
to  si7^  of  field  of  vision,  713 

rods  and  cones,  687 

structure  of,  685  et  seq, 

visual  purple,  711 
Rheoscopic  frog,  452 
Rhincncephalon,  792 
Rigor  mortis,  446 

alTects  all  (lasses  of  muscles,  446 

phenomena  and  causes  of,  446 
Hitter's  tetanus.  456 
H(hIs  and  cones,  087 
Roland ic  area,  615 
Rotatory  niovements.  633 
Running,  mechanism  of,  452 
Rut  or  heat,  741 

Sacchauine  principles  of  footl,  digestion 

of,  294 
Saccharoses,  118 
Sacculus,  665 
Saliva,  801 

torn  position.  801 

process  of  secretion,  807 

quantity,  302 

rate  of  secretion,  302 
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Saliva,  uses,  903 
Salivary  glands,  296 

developmeDt  of,  799 

influenoe  of  nervous  system  on,  804 

mixed,  800 

nerves  of,  800 

secretion,  801 

structure,  298 

true,  299 

varieties,  299 
Sanson's  images,  699 
Saponification,  344 
Sarcode,  2.     See  Protoplasm. 
Sarcosin.  479,  812 
Scheiner's  experiment,  700 
Schematic  eye,  696 
Schiff's  test,  404 
Scblemm,  canal  of,  685 
Schneider! an  membrane,  654 
Sclerotic,  678 
Sebaceous  glands,  420 

their  secretion,  423 
Secreting  glands,  459.  464 

aggregated,  464 

convoluted  tubular,  464 

tubular  or  simple,  464 
Secreting  membranes.     See  Mucous  and 

Serous  membranes. 
Secretion,  459 

apparatus  necessary  for,  464  et  seq. 

changes  in  gland -cells  during,  466 

circumstances  influencing,  467 

discharge  of,  467 

influence  of  nervous  system  on,  467 

of  urine,  412 

process  of  physical  and  chemical,'  466 
Segmentation  of  cells,  752 

in  chick,  758 

ovum,  753 
Semen,  747 

composition  of,  749 

filaments  or  spermatozoa,  747 
Semicircular  canals  of  ear,  664 

development  of,  797  et  »eq. 

use  of,  673 
Semilunar  valves.     See  Heart  valves. 
Semilunes  of  Heidenhain,  800    ; 
Seminal  tubes,  736 
Sensation,  641 

color,  718 


Sensation,  common,  641 

conditions  necessary  to,  641 

excited  by  mind,  641 

by  internal  causes,  641 

of  motion,  650 

nerves  of,  552 

of  pain,  648 

of  pressure,  644 

of  weight,  649 

special,  642 

nerves  of,  680 

stimuli  of,  587 
of  special,  587 

subjective,   645.     See  also   Special 
senses. 

tactile,  644 

temperature,  647 

tickling,  641 

touch,  644 
Senses,  special,  641 

organs  of,  development  of,  794 
Sensorium,  642 

Sensory  centres  in  cerebral  cortex,  628 
Sensory  impressions,  conduction  of,  555 

by  spinal  cord,  556 

in  brain,  617 

nerves,  555 
Serine,  145 
Serous  membranes,  460 

arrangement  of,  460 

communication  of  lymphatics  with, 
460 

fluid  secreted  by,  461 

functions,  461 

lining  joints,  visceral  cavities,  etc., 
4&0  et»eq. 

structure  of,  460 
Serum,  of  blood,  145 

albumin,  112 

separation  of,  145 
Seventh  cerebral  nerve.      See  Cerebral 

nerves. 
Sexual    organs    and    functions   in    the 
female.  728 

in  the  male,  734 
Sighing,  mechanism  of,  278 
Sight,  677.     See  Vision. 
Silica,  parts  in  Which  found,  122 
Silicon,  122 
Sinuses  of  dura  mater,  223  et  9eq. 
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spinal  cord,  motor  impressions,  558 

Deryes  of,  651 

neuroglia,  545 

reflex  action  of,  557 
inhibition  of,  561 

sensory  impressions,  559 

special  centres  in,  563 

structure  of,  544  et  seq, 

tracts,  550 

weight,  609 
relative,  609 

white  matter,  544 
Spinal  nerves,  551 

functions  of,  555 

origin  of,  551  et  seq, 

physiology  of,  553 
Spindle,  15 
Spirero,  14 
Spirometer,  262 
Splancbnopleure,  759 
Spleen.  483 

functions,  485 

bilus  of.  483 

influence  of  nervous  system,  486 

Malpighian  corpuscles  of,  484 

pulp,  ^Setseq, 

stroma  of,  483 

structure  of.  483 

trabecule  of,  483  et  teq. 
Spongioblasts,  690 
Spongioplasm,  9 
Spontaneous  movement,  4 
Spot,  germinal,  731 
Stannlus*  experiments,  239 
Stapes.  662 
Starch.  17 

.     digestion  of,  in  mouth,  296 
Starvation,  Wlet^eq. 
Steapsin,  845 
SteaHc  acid,  117 
Stearin.  117 
Stercorin.  660 

allied  to  cholesterin,  660 
Stereoscope,  716 
Stethograph,  260 
Stetbometer.  260 
Stimuli,  protoplasmic,  6 
St  Martin.  Alexis,  case  of,  821 
Stomach,  816 

blood-yessels,  820 


Stomach,  development,  798  et  seq, 

digestion  in,  323 
after  death,  829 
circumstances  favoring,  825 
products  of,  824 

glands,  318 

lymphatics,  820 

movements,  326 

influence  of  nervous  system  on, 
328 

mucous  membrane,  317 

muscular  coat,  317 

nerves,  320 

secretion  of.     See  Gastric  fluid. 

structure,  316 

temperature,  325 
Stomata,  29 

Stratum  intermedium  (Hannover),  77 
Striated  muscle.    See  Muscle. 
Stroma-fibrin,  127 
Stromuhr,  220 
Structure  of  cells,  9 
Submaxillary  gland,  300  et  seq. 
Substantia  nigra,  395 
Succus  cntcricus,  358 

functions  of,  358 
Sucking,  mechanism  of,  276 

centre,  570 
Sudoriferous  glands.     See  Skin. 
Sugar.     See  Glucose. 

estimation  of,  817  et  seq. 
Sulphates,  122 

in  tissues,  122 

in  urine,  406 
Sulphuretted  hydrogen,  868 
Superior  laryngeal  nerve,  277 
Suprarenal  capsule,  490 

development  of,  803 

disease  of,  relation  to  discoloration 
of  skin.  492 

structure,  490 
Swallowing,  315 

centre,  316 

nerves  engaged,  816 
Sweat,  423 
Sympathetic  nervous  system,  634 

distribution.  634 

divisions  of.  634 

fibres,   differences  of  from  cerebro- 
spinal fibres,  637 
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Sympathetic  nervous  system,  functions, 
087  ei  seq. 
ganglia  of,  686 
heart,  282 
action  of,  687  ei  »eq, 
structure,  686 
in  substance  of  organs,  684 
structure  of,  689 
Synovial  fluid,  secretion  of,  461 

membranes,  460 
Systemic  circulation,  165 

vessels,  165 
Systole  of  heart,  182 

Table  of  diet,  618 
Taste,  651 

aftertastes,  653 

centre,  625 

conditions  for  perception  of,  651 

connection  witn  smell,  652 

impaired  Dy  injury  of  facial  nerve, 
589 
of  fifth  nerve,  692 

nerves  of,  592 

seat  of,  651 

subjective  sensations,  658. 

varieties,  652 
Taste-goblets,  312 
Taiirin,  851 
Tuiirocliolic  acid,  851 
Teotb,  67 

development,  74 

eruption,  times  of,  68 

structure  of,  70  et  tteq. 

temporary  and  permanent,  68  et  teq. 
T<-gnientum,  697 
Temperature,  494 

average  of  body,  494 

changes  of,  eflfects  of,  494  et  /leq. 

cireumstances  modifying,  498 

of  eol<M)lo()ded  and  warm-blooded 
auiinals,  495 

in  disease,  495 

loss  of.  498 

maintenance  of,  496 

of  mammalia,  binls,  etc.,  495 

regulation  of,  498 

s<'nsation  of  variation  of,  647.     Scr. 
lUiii. 
Temporo- maxillary  fibro-cartilage,  297 


Tendon-reflex,  559 
Tension,  arterial,  197 

of  gases  in  lungs,  270 
Tensor  cboroiden,  699 
Tensor- tympani  muscle,  662 

office  of,  662 
Testicle,  785 

descent  of,  804 

development,  804 

structure  of,  785  et  9eq, 
Tetanus,  440 
Thalamencephalon,  792 
Thalami  optici,  function  of,  626 
Thermogenesis,  Wtettq, 
Thermogenic  nerves  and  nerve-ceotres, 

502 
Thirst,  641 
Thoracic  duct,  874 
Thymus  gland,  486 

function  of,  488 

structure,  487 
Thyroarytenoid  muscles,  524 
Thyroid  gland,  489 

function  of,  490 

structure,  489 
Timbre  of  voice,  580 
Tone  of  blood-vessels,  289 

of  muscles,  564 

of  voice,  580 
Tongue,  309 

action  of,  in  deglutition,  815 

epithelium  of,  811 

papill.e  of,  310 

parts  most  sensitive  to  taste,  652 

structure  of,  309 
Tonic  centres,  580 
Tonometer,  2;i6 
Tonsils.  313 
Touch.  (M4 

after  se«nsation,  647  ^ 

conditions  for  perfection  of,  644 

connection  of  with  muscular  sense, 
640 

cooiMTation  of  mind  with,  650 

hand  an  organ  of,  645 

illusions,  646 

mod itical ions  of,  644 

special  organs.  645 

subjective  sensations,  647 

the  tongue  an  organ  of,  651 
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Touch,  various  degrees  of  in  different 

parts,  G45 
Touch -corpuscles,  646 
Trachea,  248 

Tracts  in  the  spinal  cord,  549 
Trauhe-IIering's  curves,  286 
Tricuspid  vnlve,  173 
Trigeminal  or  fifth  nerve,  588 
Trommer*s  test,  303 
Trophic  nerves,  687 
Trypsin,  842 

Tubes,  Fallopian.     See  Fallopian  tubei. 
Tubuli  seminiferi,  736 

uniferi.  SSSetgeq, 
Tunica  albuginea  of  testicle.  783 
Tympanum  or  middle  ear,  661 

development  of,  797 

functions  of,  670 

membrane  of,  661 

structure  of,  661 

use  of  air  in,  669 
Types  of  respiration,  255 
Tyrosin,  433 

Ulceration  of  parts  attending  injurios 

of  nerves,  587 
Umbilical  arteries,  789 

cord,  789 

vesicle,  762 
Unicellular  organisms,  1 
Unorganized  ferments,  328 
Unstriped  muscular  fibre,  79 

development,  89 

distribution,  79 

structure,  79 
Urate  of  ammonium,  408 

of  sodium,  403 
Urea,  399 

apparatus  for  estimating  quantity 
of.  818 

chemical  composition  of,  399 

identical  with  cyanate  of  ammonium, 
899,  401 

properties  of,  400 

quantity  of.  398 

in    relation   to  muscular  exertion, 
479 

sources  of,  477 
Ureter,  305 
Urio  acid,  402 


Uric  acid,  condition  in  which  it  exists  in 

urine,  408 

forms  in  which  it  is  deposited,  403 

proportionate  quantity  of,  408 

source  of,  408 

tests,  403 

variations  in  quantity,  408 
Urina  sanguinis,  pot^  et  dbi,  899 
Urinary  bladder,  896 

development,  805 

nerves,  396 

structure,  896 
Urinary  ferments,  897 
Urine,  396 

abnormal,  899 

analysis  of,  897 

chemical  composition,  897 

coloring  matter  of,  404 

cystin  in,  408 

decomposition  by  mucus,  406 

effect  of  blood-pressure  on,  409 

expulsion,  415 

extractives,  406 

flow  of.  into  bladder,  415 

gases,  409 

hippuric  acid  in,  404 

mucus  in,  406 

oxalic  acid  in,  408 

physical  characters,  896 

pigments,  404 

quantity  of  chief  constituents,  898 

reaction  of,  397 

in  different  animals,  397 
made  alkaline  by  diet,  897 

saline  matter,  406 

secretion,  409 
rate  of,  409 

solids,  398 

variations  of,  898 

specific  gravity  of,  398 

variations  of,  398 

urates,  403 

urea,  899 

uric  acid  in,  403 

variations  of  specific  grmvi^,  896 
of  water,  896 
Urobilin,  404 
Urochrome,  404 
Uroerythrin,  405 
Uromclanin,  405 
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Uterus.  733 

change  of  mucous  membrane  of,  7iS 

€t  seq, 
development  of  in  pregnancy,  768 
follicular  glands  o^  768 
structure,  788 

Vagcna,  structure  of,  784 

Vagus  nerve.     See  Pneumogastric. 

Valves  of  heart,  171.     See  Heart  valves. 

ValvulflB  ccniniventes,  838 

Vas  deferens.  735 

Vasa  effercntia  of  testicle,  786,  804 

recta  of  testicle,  720 
Vascular  area,  779 
Vascular  glands,  483 

in  relation  to  blood,  408 

several  offices  of,  493 
Vascular  system,  development  of,  779 
Vaso-constrictor  nerves,  24d 
Vaso- dilator  nerves,  242 
Vaso-motor  nerves,  239 

effect  of  Section,  239  et  mq, 

influence  upon  blood-pressure,  242 
Vaso-motor  nerve-centres,  289,  242 

reflection,  241 
Vegetables    and    animals,    distinctions 

between,  15 
Veins.  179 

circulation  in,  221  et  9eq. 
rate  of,  221 

canlinal,  786 

collateral  circulation  in,  181 

development.  786 

distribution,  179 

influence  of  gravitation  in,  218 

parietal  system  of,  787  et  teg, 

pressure  in,  203 

rhythmical  action  in,  219 

structure  of,  179 

umbilical.  788 

valves  of,  180 

velocity  of  blood  in,  231 

visceral  system  of.  787  et  seq. 
Velocity  of  blood  in  arteries,  219 
in  capillaries,  221 
in  veins.  221 

of  circulation,  219 

of  nervous  force,  538 

conditions  modifying,  533 


Vens  hepatiae  advehentes,  787 

vavehentes,  787 
Veoftridea  of  heart.     See  Heart. 
Vertebral,  deTdopment  of,  778 
Vertebral  plate,  759 
Vesicle,  germinal,  781 
Vesicula  germinativa,  731 
Vebiculee  seminalea,  787 

structure,  787 
Vibrations,  conveyance  of,  to  auditory 

nerve,  669  et  teq. 
Villi  in  chorion,  767 

in  placenta,  771 

of  intestines,  336 
Visceral  arches,  development  of,  776 

connection  with  cranial  nerves,  778 

laminsB  or  plates.  762 
Viscero- inhibitory  nerves,  688 

motor,  638 
Vision.  677 

angle  of,  696 

at  different  distances,  adaptation  of 
eye  to,  697  et  seq 

centre,  623 

corpora  quadrigemina,  the  principal 
nerve-centres  of,  633 

correction  of  aberration,  704  et  seq. 
of  inversion  of  image,  712 

defects  of,  702  et  seq, 

distinctness  of,  how  secured,  697  et 
seq. 

duration  of  sensation  in,  708 

estimation  of  the  direction  of  ob- 
jects, 716 
of  their  form,  716 
of  their  motion.  717 
of  their  size.  715 

field  of,  size  of,  714 

focal  distance  of.  697 

impaired  by  lesion  of  fifth  nerve, 
587 

influence  of  attention  on,  717 

single,  with  two  eyes,  731  et  seq. 
Visual  direction.  716 

purple,  711 
Vitellin.  115 
Vitelline  duct,  798 

membrane.  730 

spheres,  730 
Vitreous  humor,  643 


INDEX. 
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Vocal  cords,  521  ei  9eq. 

action  of,  in  respiratory  actions,  528 

approximation  of,  effect  on  beigbt 
of  note,  529 

vibrations  of,  cause  voice,  521 
Voice,  520  et  teq. 
Vomiting,  881 

action  of  stomacb  in,  881 

centre,  882 

nerve -actions  in,  882,  579 

voluntary  and  acquired,  882 
Vowels  and  consonants,  588 
Vulvo- vaginal  or  Duvemey's  glands,  784 

Walking,  449 
Wallerian  metbod,  548 
Water,  120 

forms  large  part  of  buman  body,  120 
Wave  of  blood  causing  tbe  pulse,  208 

velocity  of,  208 
Wharton*s  jelly,  44 
Wbite  corpuscles.    iSS^e  Blood -corpuscles, 

white ;  and  Lymph -corpuscles. 
Wbite  flbro-cartilage.     See  Fibro-carti- 
lage,  wbite. 

fibrous  tissue,  41 


Willis,  circle  of,  228 
WollBan  bodies,  mtei9eq, 
Wooldridge,  182 
Work  of  heart,  197 

XANTnm,  488 
Xantho-proteic  reaction,  110 

Yawning.  275 
Yellow  elastic  fibre,  40 

fibro- cartilage,  51 

spot  of  Sommcring,  685 
Yolk,  or  vitellus,  781 

changes  of,  in  Fallopian  tube,  752 

cleaving  of,  7r)2 

constriction  of,  by  ventral  laminu?, 
762 
Yolk  sac,  762  et  seq, 
Young-Helmholtz  theory,  718 

ZisocERMANN,  corpusdes  of,  488 
Zona  peDucida.  780 
Zonule  of  Zinn,  693 
Zymogen,  843 


THE  END. 


